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PERIODICITY OF CARYOPHYLLAEID CESTODES IN THE WHITE 
SUCKER, CATOSTOMUS COMMERSONI {LACEPEDE) 1 
Robert L. CalentineZ and Leigh H. Fredrickson 
Iowa State University 
Ames, Iowa 
A BS TRACT. T h e s e a s o n a 1 d i s t r i b u t i o n o f f i v e s p e c i e s o f 
caryophyllaeid cestodes in Iowa River white suckers 
{Catostomus commersoni) was studied. Oligochaete 
a n n e 1 i d s w e r e f o u n d t o s e r v e a s i n t e r m e d i a t e h . o s t s f o r 
these tapeworms. The periodicity of adults in the de-
finit i ve fish host appears to be related to the short 
life of adults in fish, to the duration of oncosphere 
viability, and to the duration of annelid infection by 
the larval stage. The presence of one cestode species 
in fish may inhibit certain others from becoming es-
tablished. 
INTRODUCTION 
Caryophyllaeid cestodes comprise an order of small, monozoic hel-
minths which are intestinal parasites of certain freshwater fishes. North 
American representatives are limited to cyprinid and catostomid fishes, 
while oligochaete annelids serve as their intermediate hosts. 
In 1961, we found that most caryophyllaeids of Iowa River white suck-
ers, Catostomus comme rsoni {Lacepede), exhibited seasonal distribu-
tion. Since the factors responsible for the periodicity of these parasites 
in fishes are poorly understood, studies were continued during 1962 and . 
1963. The pre sent account is based upon study of natural infections of 
adults in fish, as well as upon natural and experimental infections of 
larvae in annelids. 
MATERIALS AND METHODS 
The study area of the Iowa River comprised a 20-mile region between 
Dows and Iowa Falls {Franklin and Hardin Counties), Iowa. Fish were 
collected with electric shocking equipment, seines and with hoop nets. 
1 This study was supported in part by National Science Foundation grants 
(G-9022, B-6844 and G-23597) under the direction of Martin J. Ulmer, 
and in part by a Public Health Service predoctoral grant {GPM-18, 590) 
to the senior a u thor from the National Institutes of Health. 
Present address: Dept. of Biology, Wisconsin State College, River 
Falls, Wisconsin. 
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In 1962, collections were made from April through November, and in 
1 96 3 they were made in the months of April through July. The presence 
of a heavy ice cover on the river from December through March pre-
vented collecting by the usual methods. However , six suckers were ob-
tained by gill-netting under the ice in January, 1963. Fish examined 
ranged in size from eight to 18 inches i n length. 
Annelids were collected by washing mud through a 40-mesh screen. 
Systematic examination of oligochaetes for the presence of cestode lar-
vae was limited to Limnodrilus hoffme i steri Claparede. Approximately 
1, 000 of these worms were examined each month during 1961 and 1962. 
Intermediate hosts and larval development were determined experimen-
tally. Details of larval development wi ll be presented at a later date. 
RESULTS 
Five caryophyllaeid species [Glaridacris catostomi Cooper, 1920; 
Biacetabulum macrocephalum McCrae, 1962; Hunterella nodulosa Mack-
iewicz and McCrae, 1962; Monobothrium hunteri Mackiewicz, 1963; and 
another (undescribed) species] were recovered from Iowa River white 
suckers (~. commersoni). These cestodes did not occur in the other 
catostomids or in the cyprinid fishes e x amined. Caryophyllaeids were 
pr e sent in 255 (75 percent) of the 339 whi te suckers examined. Of the 
infected fish, 27 percent harbore d two or more species, 8 percent were 
infected with three or more species, 2 percent harbored four or more, 
but only one fish was infected with members of all five species. Four of 
the five c e stode species demonstrate seasonal infection of the fish host 
(Table 1). 
Five species of annelids (Limnodrilus hoffmeisteri Claparede, .!::· 
ude kemianus Claparede, Tubifex tempeltoni Southern, Dero limosa Leidy 
and Branchiura sowerbyi Beddard) were recovered from the bottom mud 
in the study area. .!::· hoffmeiste ri comprised about 92 percent and .:£. 
tempeltoni about 7 percent of all annelids collected. Results of feeding 
experiments involving embryonated eggs of these five caryophyllaeids 
and oligochaetes are given in Table 2. 
Procercoids recovered from naturally infected .!::· hoffmeisteri could 
not be identified until feeding experiments had been conducted. Of 1923 
procercoids, 69 percent were Archigetes iowensis Galentine (a parasite 
of carp), 9 percent were Monobothrium hunteri, 6 percent were Glari-
dacris catostomi, 6 percent were Huntere~ulosa, 9 percent belonged 
to an undescribed species of Monobothrium (from redhorse suckers) and 
1 percent were of the undescribed species from white suckers. 
DISCUSSION 
The life cycles of these five caryophyllaeid species are very similar 
in certain respects, namely the time required for egg embryonation, 
duration of oncosphere viability and the time required for procercoid 
development. Time of embryonation varied between 14 and 19 days and 
time of procercoid development varied between 42 and 66 days. In 9. 
catostomi, which developed in four species of annelids, the time of larval 
development varied somewhat in accordance with the relative size of the 
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Table 1. Infection of Iowa River white suckers with five species of 
caryophy llaeid ce st odes . 
No . of 
fish 
exam-
Month ined 
Jan. 6 
April 43 
May 40 
June 32 
July 124 
Aug. 28 
Sept. 36 
Oct. 11 
Nov. 19 
Totals 339 
P e rcent 
infected 
1 00 
84 
78 
88 
82 
64 
47 
73 
78 
75 
P e rcent of fish infected with · 
1 oo ~~ 0 17 
0 0 
43~~ ·o 
02 64>1< 
0 0 
1 9 0 0 
55 0 0 
63 0 11 
27 52 04 11 
>i< Months in whi ch gravid stages were present. 
'""d 
Q) 
~ 
J.-t () Ul 
Ul . ~ 
Q) () 
'""d Q) 
~ °' 
::::.> Ul 
0 
0 
03 
0 
05 
25 
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Table 2. Results of experiments involving embryonated eggs of caryo-
phyllaeids and oligochaetes. 
Time of egg 
embryonation, 
in days 
Glaridacris 
catostomi 
Monobothrium 
hunteri 
Biaceta bulum 
19 
18 
Annelids exposed to eggs 
Limnodrilus hoffmeisteri 
Limnodrilus sp. 
Tubifex tubifex 
Tubifex tempeltoni 
Branchiura sowerbyi 
D e ro limosa 
L. hoffmeiste ri 
T . tempeltoni 
macrocephalum 14 L. hoffmeisteri 
T. tubifex 
T. tempeltoni 
Hunterella 
nodulosa 14 L. hoffmeisteri 
T. tem:eeltoni 
Undescribed 
species 16 L. hoffmeisteri 
T . tempeltoni 
Results 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Time of 
procercoid 
development, 
in days 
46 
50 
58 
66 
50 
? 
62 
46 
42 
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annelid host species. Here, procercoid development ranged from 46 
days in L. hoffmeisteri (the la~gest host species) to 66 days in .'.!:· tem-
peltoni (the smallest of the annelid hosts). 
Duration of oncosphere viability at room temperature was determined 
for only one of the five species (90 days for G. catostomi), but com-
parative studies with several other caryophyllaeid species (Kulakowskaja 
l 962a; Wisnie swki 1930; and our unpublished data) give similar results 
(70-90 days). Our results show that oncospheres are viable at least 230 
days, but less than 300 days , when maintained at 5-10°C. 
Significant variations among the cestode species with regard to the 
longevity of infected annelids seem to occur, although these have not 
been determined for all species concerned. Annelids harboring procer -
coids of some species perished by 100 days post-infection, while anne-
lids harboring larvae of other species survived as long as two years. 
Adult caryophyllaeids apparently remain in fish for a relatively short 
time. For example, Galentine (1963 unpublished thesis) found Archigetes 
iowensis occurred in carp only during the months April, May and June. 
Kulakowskaja (1962a) reported that Archigetes appendiculatus Mrazek 
also occurred in fish only during these same months. Factors respon-
sible for the periodicity of adults in fishes have been little studied. 
Scheuring (1929) associated the absence of Caryophyllaeus laticeps (Pal-
las) from carp during the winter with the cessation of feeding by these 
fish. However, Iowa River white suckers may well ingest infected tubi-
ficids throughout the winter; four of the six fish collected under the ice 
in the month of January had intestines filled with food. 
Natural infections of procercoids in annelids attained a well-defined 
peak in the fall. At this time nearly 10 percent of all .!::· hoffmeisteri 
examined harbored caryophyllaeid procercoids. However, immature 
stages of only two species (g. catostomi and .!i· nodulosa) were com-
monly present in fish during the fall. Immature worms of the three other 
species were not found in fish until late spring or early summer. Pos-
sible factors relating to periodicity are discussed below for each species. 
Glaridacris catostomi 
Adults of this species exhibited distinct periodicity. Gravid stages 
were recovered from fish only during January, April, May and June (col-
lections were not made in February and March). Maximum incidence of 
gravid cestodes in fish apparently occurs during winter or in very early 
spring. Immature worms are almost completely absent from fish in late 
spring and in summer, but reappear in September (19 percent infection 
of fish) and are abundant in October (55 percent) and in November (63 
percent). 
Larvae of Glaridacris show little host specificity, being capable of 
development in at least two species of Limnodrilus and in two species of 
Tubifex. Eggs of 9. catostomi are not deposited after June, embryona-
tion requires about 19 days and oncospheres are viable for a maximum 
of 90 days at summer temperatures . Sinc.e oncospheres probably do not 
survive later than October, tubificids must acquire their infections before 
this time. In nature, procercoids of Glaridacris were common in oligo-
chaetes only during the fall, attaining a peak in October. 
Annelids infected by these procercoids appear to be relatively short-
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lived. Most experimentally infected annelids perished by 100 days post-
infection. In nature, it is probable that few infected tubificids survive 
the winter and that most fish become infected in the fall, between Sep-
tember and November. The failure of embryonated eggs to overwinter 
and the short life of infected annelids are very likely responsible for the 
periodicity of this species. 
Hunterella nodulosa 
These were the most common cestodes of Iowa River white suckers, 
occurring in 52 percent of all fish examined. Gravid adults were pres-
ent every month that collections were made. Mackiewicz and McCrae 
(1962) also found that this species did not exhibit periodic infection of 
fish. 
Members of Limnodrilus apparently serve as intermediate hosts for 
H. nodulosa. We were able to experimentally infect L. hoffmeisteri but 
not Tubifex tempeltoni. McCrae (1961) found that thi;- cestode developed 
in L. udekemianus but not in L. hoffmeisteri nor in T. tubifex O. F. 
Muller. We maintained experimentally infected oligochaetes (at room 
temperature) for 15 months, at which time the experiment was terminat-
ed. Annelids appear to be capable of carrying Hunterella infections from 
one year to another, which may account for the lack of periodicity. 
Biacetabulum macrocephalum 
These cestodes were relatively rare; only 38 (11 percent) of the 339 
fish harbored .§_. macrocephalum. Gravid adults were limited to the 
months of June, July and August. McCrae (1962) described this species 
but he did not study its seasonal distribution in fish. 
Procercoids developed in both T. tubifex (not recovered in the study 
area) and.!· tempeltoni, but not i~ _!:~eisteri. In nature, eggs are 
deposited by cestodes in fish from late June through August; embryona -
tion requires 14 days and procercoid development requires 62 days. Ex-
periments (conducted in October) showed that larvae 62 days of age were 
infective to fish. It would seem that fish in nature could acquire infe c-
tions of Biacetabulurn by late fall. However, these parasites were only 
rarely found in fish until the month of June. Three of 25 fish examined 
during November and January were infected (each harbo r ed one im-
mature cestode), yet none of the 83 fish examined in April and May were 
parasitized. In June, infection of fish is 13 percent and some gravid 
stages are present. 
Duration of annelid infection by the procercoids may contribute to this 
periodicity; although a few infected annelids survived for 177 days, the 
majority perished by 100 days. Perhaps the presence of g. catostomi in 
suckers prevents .§_. macrocephalum from becoming established , since 
the latter species is generally absent from fish during those months when 
Glaridacris is present. 
Mono bothrium hunte ri 
Members of this species, the rarest of the five, were present in only 
13 ( 4 percent) of the 339 fish. Gravid worms we re re cove red during the 
months of May, June and July, with maximum infection of fish (14 per-
cent) occurring in May. Mackiewicz (1963) reported "mature" wo rms 
from fish in New York during February, July and August. 
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Experimental and natural infe ctions of M. hunteri occurred in L. 
hoffmeiste ri but not in I. tempeltoni. In nature, eggs of ~· hunteri 
appear to be deposited during the months of June, July and August. Em-
bryonation requires 18 days and proce rcoid development r equires about 
50 days. It would seem that suckers could acquire infections by late fall, 
but immature stages were not recovered from fish until late spring. In 
nature, these procercoids were present eve ry month of the year, but 
were common only in the fall. Approximately 9 percent of all caryophyl-
laeid larvae recovered from L. hoffmeisteri were those of M. hunteri. 
- ----The high incidence of annelid infection compared with the low incidence 
of fish infection is somewhat surprising. 
Duration of a nnelid infection by ::he procercoids was not established: 
all larvae were preserved by 75 days. This species, like ~· ~­
cephalum, appears to be absent from fish when Glaridacris is pre s e nt. 
However, the number of fish examined each month may have been in-
adequate to determine the cycle of this relatively rare species. 
Undescribed species 
Mackiewicz (1960 doctoral the sis) reported this species as a member 
of a new genus, but its description has not yet appeared in print. Gravid 
adults occurred in Iowa River white suckers during the interval of June 
through August, being mqst abundant in July. 
Experimental and natural infections occurred in .!:· hoffmeisteri but_ 
not in I· tempeltoni. Eggs are produced by cestodes in fish during the 
months of June through September, embryonation requires 16 days and 
larval development takes approximately 42 days. Again it would seem 
that fish could acquire infections by late fall, but only two immature 
worms were ever recovered (from each of two fish) during examination 
of 119 fish in the months of October, November, January, April and 
May. However, in June percentage infection of fish is 34 percent and 
gravid worms are pre sent. 
Duration of annelid infection was not established, since all experi -
mentally infected annelids were preserved by 94 days post-infection. 
Again, the absence of this species from fish generally corresponds to 
that pe_riod when Glaridacris is present. 
SUMMARY 
The periodic occurrence of these caryophyllaeids in fish seems to be 
regulated by the short life of adults in fish, whether or not embryonated 
eggs overwinter, and by the duration of annelid infection by the procer-
coid. Also, the presence of Glaridacris in suckers may prevent procer-
coids of other species from becoming established. 
Galentine, R. L. 1963. 
Caryophyllaeidea). 
_Iowa. 
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COB MORPHOLOGY AND ITS RELATION TO 
COMBINE HARVESTING IN MAIZE 1 
S. M. Sehgal and William L. Brown2 
pp. 2 51-268 
A BS TRACT. R e s i s t a n c e t o c o b s p 1 i t t i n g i s a n i m p o r t a n t 
trait in maize which is combine harvest e d. In the 
present studies, structural composition of the corn 
cob and its relation to combine harvesting has been 
e x am i ned in some of the Corn Belt inbreds. Rachis-
pith ratio, degree of development of the inter row and 
n odal tissue, and length and thickness of the rac h illae 
a p p e a r t o b e t h e m o r e i m p o r t a n t c h a r a c t e r i s t . i c s a f f e c t -
i n g t h e q u a 1 i t y o f t h e c o b . T h e r · e i s a t e n d e n c y f o r t h e 
larg e -pithed cobs to split more easily than the s ~all­
pithed ones. Similarly, cobs with poorly · dev e loped 
interrow tissue tend · to split rather easi i y as com-
pared to the ones which have a well-developed · i nter-
row tissue. Other factors being constant, ease of 
shelling appears to be a function of the length and 
thickness of the rachillae, the shorter and thicker the 
rachillae, the hard·er is the shelling. If the cobs shell 
hard, not only is there an increase in cob splitt i ng but 
also an i ncrease in me.chanical injury to the kernels. 
Although each of these characters is individually im-
portant, the combining quality of the cob is determined 
by association and relationship of these characters one 
to the other. 
The results obtained show that the cob quality score 
of the inbreds and the single crosses is significantly 
correlated with the combining score. Furthermore, 
these studies suggest that cob quality of the hybrids 
can be predicted with reasonable accuracy from the 
c obs of the inbred parents. 
INT RODU CT ION 
The introduction of the mechanical corn picker about 35 years ago lead 
to the development of hybrid varieties specifically adapted to machine 
harvesting. Considerable emphasis has been placed on selection of geno-
types whose ears are easily snapped from the shanks (peduncle) and whose 
husks are loose and readily removed by the husking rolls. During the 
past decade the combine has assumed an increasingly important role in 
1 Contribution from the Department of Plant Breeding, Pioneer Hi-Bred 
Corn Co., Johnston, Iowa. 
z Associate Geneticist and Geneticist, respectively. 
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corn harvesting and, in c e rtain parts of the Corn Belt, is replacing the 
conventional picker. The advent of combining as a method of corn har-
vesting has caused the breeder to reverse the direction of selection for 
certain characteristics. Strong shanks and reasonably tight husks are 
both desirable features in corn that is harvested with the combine. The 
former tends to reduce the number of dropped ears while the latter de-
creases the amount of shelling during the snapping operation and also 
protects the kernels from damage in the shelling process. Superimposed 
upon these two, a third factor-the quality of the cob-has become ex-
tremely important. Cob splitting is an uncle sir able feature in corn that 
is combine-harvested. If the cob is split , the cylinder, which is a shell-
ing unit of the combine, is unable to remove the kernels from the longi-
tudinal segments. This results in poor shelling and consequent increase 
in field-loss of grain. Resistance to cob splitting is, therefore, an im-
portant quality which breeders must consider during the selection pro-
cess if they are to develop hybrids speci fically adapted to modern har-
vesting methods. So far there has not been a morphological analysis of 
the corn cob which could be used as a guideline during the selection pro-
cedure. The present studies attempt to fill this gap. 
MATERIALS AND METHODS 
Nine Corn Belt inbreds and all their possible single crosses were 
employed in the present studies. For study of the cob morphology, two 
methods-one described by Reeves (1946) and the other by Sehgal (1961)-
were used. The first method consists of soaking 2-inch sections from 
the middle of the cob in 72 percent commercial strength sulfuric acid for 
24 hours and then washing off the dissolved material. By this method, 
the soft tissues of the cob are removed leaving the coarse chaff and 
woody skeleton behind. Specimens prepared in this way were used for 
studying rachis-pith relationship and rachis-interrow tissue relationship. 
For study of the cob anatomy, these cobs were either sawed or split 
longitudinally. 
The second method was employed for studying the rachis-rachilla 
relationship and the degree of development of nodal parenchyma. It 
consists of sawing the cobs longitudinally, smoothing them on a slow-
speed drill holding a flat disc of sandpaper, and finally polishing them 
with an electric sander holding a very fine aluminum oxide abrasive 
paper. 
For studying adaptation to combine harvesting, the inbreds were test-
~a in the summers of 1959 and 1960 whereas the single crosses between 
:hem were tested only in 1960. The plots, each 2 x 10 hills in size, were 
located at Johnston, Iowa. 
Harvesting was done with a Ford Series 610, two-row mounted com-
Jine. Normally corn is combined at a moisture content of less than 30 
Jercent. At higher moisture content (30 percent or more) not only are 
cernels crushed, cracked and left on the cob but also there is an increase 
n cob splitting during combining. In our experiments, moisture content 
>f the grain at harvest was somewhat higher than that at which corn is 
tormally harvested. This, however, was desirable for our purpose since 
t tended to accentuate the differences in the reaction of various corns to 
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combining. Also the combine cylinder was inadvertently operated at a 
somewhat slower speed than recommended and this again tended to mag-
nify the differences between the various entries. 
A large mesh bag was attached to the discharge end of the combine in 
which were collected the cobs and the husks from each plot individually. 
The two were separated and a combining score of 1-5 {l =poor, 5 =excel-
lent) was given to the cobs from each of the plots. The rating was de-
termined by the amount of unshelled grain on the cobs, and by the degree 
of longitudinal splitting of the cobs. 
STRUCTURAL COMPOSITION OF THE CORN COB 
Ordinarily we think of a corn cob as a composite of all the structures 
that remain after the grains have been removed from the ear . 
The ear, or the pistillate inflorescence, of maize is made up of a 
thickened axis on which are borne the paired pistillate spikelets in longi-
tudinal rows. There is increasing agreement that the ear is homologous 
to the central spike of the tassel {staminate inflorescence), and in both, 
the ear and the central spike, the condition of polystichy has arisen by 
evolutionary condensation or telescoping {Weatherwax, 1935; Mangels-
dorf, 1945; Anderson and Brown, 1948). 
The pistillate spikelets of maize ar e two-flowered. The lower flower 
of each pistillate spikelet is usually sterile. Each flower is enclosed in 
a lower bract, the lemma, and an upper bract, the palea. The spikelet 
as a whole is subtended by a pair of glumes, a lower glume and an upper 
glume. Although the pistillate spikelet of maize has the same general 
structural plan as other grasses, it is so gre atly modified in the shape 
of its component parts that special techniques are required for its study. 
Phylogenetically, the corn cob has evolved by vertical condensation 
and compression, by suppression and reduction and by adnation of some 
of its parts to the others {Mangelsdorf, 1 945; Nickerson, 1954). Onto -
genetically, it is built on the same g round o r basic plan as found in the 
vegetative axis, that is, it is formed by the repetitious pattern of the 
developmental units, the phytomers {Nickerson, 1954). A phytomer 
comprises: a rachis internode, a leaf borne just below the node, a bud 
in the axil of a leaf, and a prophyll arising just above the node {Galinat, 
1959). In the cob, the nonfunctional organs of the phytomer {leaf and 
prophyll) are reduced or entirely obliterated. This is unlike the condition 
found in the lower parts of the plant whe r e all the organs of the phytomer 
are large photo-synthetic structures {Galinat, 195 9) . 
Structurally, the corn cob may be divided into four arbitrary parts: 
1. fine chaff {lemmas and pale as , upper portions of the first and second 
glumes); ~· coarse chaff {basal portions of the first and second glumes , 
Fig. 1, gb, rachillae base, Fig. I, rb, and g lume cushions or the rudi-
mentary leaves); 3. woody ring or midcob {rachis nodes and internodes, 
Fig. I, rs, inner -and outer vascular system, Fig. l, iv, ov, 4. pith {a 
soft spongy, parenchymatous tissue in the c enter). -
The woody ring portion of the cob is composed of longitudinal rows; 
each row consisting of numerous small segments, the rachis internodes. 
Each rachis internode has a depression known as the cupule. The inner 
surface of the cupule is lined by a rudimentary part of the phytomer, the 
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Figure 1. Mechanisms of cob splitting and the vascular anatomy of the 
cob. The pith and other soft parts of the cob are removed 
by acid treatment . The longitudinal rows of cupulate rachis 
segments are fastened with one another by "cementing" sub-
stance, the interrow tissue, in a manner simulating zipper 
fasteners (left). When force is applied on the top, the cob 
splits or ope ns like a zipper in the interrow region (center). 
The woody ring of the cob is strengthened and supported by 
inner and outer vascular system (right). 
c, cupule 
cl, cupule lip 
cw, cupule wing 
gb, glume base 
iv, inner vascular system 
np, nodal parenchyma 
ov, outer vascular system 
rb, rachilla base 
ip , interrow tissue st, spikelet trace 
vs, vascular bundles descending to the internode below 
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prophyll (Galinat, 1959). The lateral outgrowths of the margin of the 
cupule are known as the cupule wings (Fig. l, cw) or rachis flaps, and its 
apex is known as the cupule lip (Fig . l, cl). The cupulate rachis seg-
ments of one row alternate with those of the next one. The longitudinal 
rows of cupulate rachis segments are fastened with one another by a 
"cementing" substance, the interrow tissue (Fig. 1, ip), in a manner 
simulating zipper fasteners . When force is applied, the cob splits apart 
or opens like a zipper in the interrow region (Fig. l, ·center). 
In maize, each c upulate rachis segment of the cob is associated with 
a pair of spikelets. This is unlike the condition found in the relatives of 
maize, teosinte and Tripsacum, in which each rachis internode of the 
pistillate spike is associated with a singl e spikelet . In both teosinte and 
Tripsacum, the rachis internode and the lower glume of the pistillate 
spikelet form a protective structure, the fruit case, which encloses the 
seed. 
At maturity, the spike of Tripsacum disarticulates into single - seeded 
fruit cases (Fig. 2, l eft). Abscission occurs at the node and after abscis -
sion, the nodal parenchyma clings to the nodal network above forming a 
sort of ball and socket joint (Galinat, unpublished) . In teosinte, the nodal 
parenchyma is nearly absent and therefore the spike shatters into single -
seeded fruit cases at maturity (Fig. 2, center). O n the other hand, in 
modern maize, the cupulate rachis segments are fastened on all the s i des, 
thus completely e l iminating the possibility of dispersion and dissemi na -
tion of the seeds. Fig. 2, right, shows the cupulate rachis segments 
which have been fo r cefully se p arated to show the basic homol ogy between 
maize, teosinte and T ripsacum. 
The woody ring of the cob is strengthened and supported by an inner 
and outer vascular system (Reeves, 1 946; L aubengayer, 1949). The inner 
system consists of bundles of relatively large diameter bordering the 
pith . The bundles have longitudinal course from the base to the .apex of 
the cob and are intra - or interrow (Figs. 1, 3, 5) in position depending 
upon whether they occur in the same row or between the two rows. In 
the interrow region, there is usually a single st r and of varying lengths . 
In the intrarow region, the number of strands per row varies from two 
to four, three (one central and two lateral ) being the most common con-
dition. The three strands of a three - stranded row may be of the same 
diameter or the central strand may be l arger than the two l aterals, or 
rarely the lateral s may be l arger than the central. In irregularly rowed 
cobs, the lateral strands have a tendency to become interrow in position. 
At each node, both inter - and intrarow bundles unite to form the 
"common" bundl es which supply the traces to the paired spikelets (Fig. 3 , 
cb). The spikelet trace is probably three or more than three-bundled 
depending upon the number of strands which unite to form the "common" 
bundles. Thus the function of interrow strands is not only to contribute 
the vascular supply to the paired spikelets via "common" bundles but 
also to unite and tie together all the bundles of the inner system. 
Each spike let trace, beginning at the "common" bundles and leading 
to the base of the floret, is surrounded by parenchymatous cells ( L enz, 
1948) . The parenchyma not only accompanies the spikelet trace but also 
ext ends between two adjacent inte rnode s of the same row as far as the 
g lume cushion - cup u l e lip region . In this region, the glume cushion of 
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Figure 2. Compari son of the fruit cases of Tripsacum (le ft) and teosinte 
(cente r) with maize (right). Each fruit case comprises a 
rachis internode or segment (rs), which has a depression 
known as the cupule (c), and a lower glume (lg) of the pistil -
late spikelet. At maturity, the spike of Tripsacum disarticu-
lates into single-seeded fruit cases. After abscission , the 
nodal parenchyma (np) remains attached to the nodal network 
above. In teosinte, the nodal parenchyma is nea rly absent 
and therefore the spike shatters at maturity. In contrast to 
the condition in Tripsacum and teosinte, the rachis segments 
of modern maize are fastened on all sides. In the figure on 
the right, the rachis s egments of maize have been forcefully 
separated to show the basic homology. 
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Figure 3. Dorsal (A), ventral (B), lateral (C) and top view (D) of a pa.rt 
of a single row of cupulate rachis segments from an acid-
treated cob. Note interrow (ib, three central) and intrarow 
(two peripheral) strands in B. The bundles of the outer sys-
tem occur in rind (rb). These progressively increase in num-
ber and decrease in size towards the periphery (C). Note the 
"common" bundles (cb) in D which are formed by the union of 
both inter - and intrarow strands. The spikelet trace (st) is 
surrounded by well-developed parenchyma (p) in the region 
adjacent to " common" bundles. 
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one internode is fused with the cupule lip of the internode below by a 
tissue similar to the one found. i n the interrow region. At maturity, the 
parenchyma may shrink from the underface of the spikelet trace form-
ing an apparent gap or groove separating the adjacent internodes. 
The bundles of the outer system occupy positions in the rind between 
the rows of paired spikelets (Fig. 3, rb). The number of rind strands 
depends upon the thickness of the rachis tissue, the thicker the rachis, 
the greater the number of strands present. The r ind bundles progres-
sively increase in number and decreas e in size from the center to the 
periphery of the rachis. The smaller bundles occur in the cupule wings 
of the rachis and the larger ones may e x tend as far as and occupy the 
same position as the bundles of the inner system in the interrow region. 
COB CHARACTERISTICS AFFECTING 
COB SPLITTING AND BREAKAGE 
The quality of the cob, like any other complex trait, is a product of 
several component characters. Charact eristics such as rachis-pi th 
ratio, degree of development of the interrow and nodal tissue, and length 
and thickness of the rachillae, appear to be the more important traits 
affecting cob quality and for thi s reason these have been studied in detail. 
In gene'ral, the cob quality is conditioned by association and relationship 
of the se characters to one another. 
Rachis-Pith Relationship 
Rachis-pith relationship in some of the Corn Belt inbreds is illus-
trated in Fig. 4. Other factors being constant, the larger the pith, the 
smaller is the rachis tissue and greater is the cob splitting and break-
age during combine harvesting. The inbred shown i n Fig. 4, A, has a 
well-developed rachis and poOrly developed pith whereas G, H, and I 
have poorly developed rachises and well-developed pith. Inbreds B-F 
show the balanced development of these two characters. 
Table 1 depicts the rachis:_pi th ratio and th~ percentage of cob-
splitting during combining among the inbre ds employed in the present 
studies. Rachis thickness was rrleasured from the inner end of the rachis 
segment adjoining the pith to the upper margin of the cupule wing. The 
diameter of the pith was measured from the inner end of the rachis 
segment on one side of the cob to the inner end of the rachis . segment 
directly opposite. Rachis-pith ratio was obtained by dividing the diam-
eter of the pith by the thickness of the rachis. Thi s varies from 1. 4 to 
2. 6 in the i nbreds studied, and is a good measure of the relative propor-
tion of rachis to pith. A high ratio indicates cobs of wide pith diameter 
in relation to the rachis thickness. Although there is a tendency for the 
large-pithed cobs to split more easily than the small-pithed ones, this 
is not always true , as for example in the case of the inbred 064. This 
would suggest that there are additional cob characteristics which affect 
cob splitting .and breakage. 
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Figure 4. Comparison in transverse sections of the middle portions of 
the cobs of some C o r n Belt inbreds showing rachis-pith r e -
lationship. Other factors be ing constant, the lar ge r the pith, 
the smaller is the rachis tissue and g reate r is the cob split -
ting and breakage during c ombin e harvesting. Inbred shown 
in Fig. A has we ll- developed rachis and poorly-deve loped pith 
w h e r e as G, Hand I have poorly-deve loped rachises and we ll-
d eve lope d pith. Inbr eds B-F show the balanced development 
of these t wo charact e rs. L arge -pithed cobs t e nd to split 
more easily than the small - pithed ones but this is not always 
true indicating t h at there are additional cob characteristics 
which affe ct cob splitting and breakage . 
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Table 1. Rachis-pith ratio and its r elation to p ercentage of cob splitting. 
Rachis-Pith Cob splitting 
Inbred Ratio ;eercent ·of mean 
064 1 :1. 4 128. 0 
705 1: 1. 5 79. 9 
489 1: 1. 7 7 0.6 
385 1: 1. 9 83.2 
526 1: 1. 9 123. 0 
695 1 :2. 1 109. 0 
336 1 :2. 1 126. 0 
425 1 :2. 6 114. 0 
Rachis-Interrow Tissue Relationship 
Rachis-interrow tissue relationship in some of the single crosses is 
illustrated in Fig. 5. As previously stated, interrow tissue is a cement-
ing substance which holds the longitudinal rows together. Other factors 
being constant, the cobs which have a well-developed interrow tissue 
are highly resistant to longitudinal splitting. The interrow tissue also 
extends between the rachis segments thus fusing the glume cushion and 
the cupule lip of two adjacent rachis internodes of the same row. The 
degree to which glume cushion and cupule lip are fused depends upon the 
extension of the nodal parenchyma from below. 
Nodal parenchyma, which surrounds the spikelet trace as it leaves 
the "common" bundles, is well developed in the region adjacent to the 
1
'common" bundles. From there, it extends upwards between the two 
adjacent rachis segments and meets the interrow tissue which has de-
scended from above. If the parenchyma extends too far, the glume 
cushion-cupule lip fusion area is reduced, the rachis segments are less 
firmly held together and the cob breaks and splits more easily as com-
pared to the ones in which glume cushion-cupule lip fusion area is more 
extensive. 
Rachis-Rachilla Relationship 
Fig. 6 shows the rachis-rachilla relationship in the inbreds employed 
in the present studies. Other factors being constant, short and thick 
rachillae are associated with hard shelling. If the cobs shell hard, the 
cylinder rubs the corn off the cob with great difficulty. As a result, 
some corn is usually left on the cob, there is an increase in cob splitting 
and the kernels are subjected to mechanical damage during the shelling 
process. The percentage of cob splitting is reduced if the rachis is thick 
and inte rrow tissue is well developed. 
Previous investigations (Sehgal, 1963; Galinat, 1963) have shown that 
the rachis-rachilla relationship is strongly influenced by introgression 
from the relatives of maize, teosinte and Tripsacum. In an exp erimen-
tal introgressive system involving inbred Al58 and various v arieties of 
teosinte it was shown that component (chromosome or chromosomal 
segment) 3A from Florida teosinte when introduced to Al 58 maize, in-
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creases the thickness of the rachis internodes and results in cup-shaped 
rachis segments, each segment with a prominent ventral projection; 
component 9 from Florida teosinte elongates the rachis internodes and 
r esults in boat-shaped rachis segments, each segment with a prominent 
apical projection; component l from Durango teosinte somewhat shortens 
the rachillae and results in box- shaped rachis segments; and component 
4 from Florida and Nobogame teosinte thickens the rachis internodes to 
some extent, inclines, shortens and thickens the rachillae, and upcurves 
the lower glumes of the pistillate spikelets . 
Corn Belt inbreds show many of the modifications comparable to 
those produced by introgressing teosinte germplasm into maize (Sehgal 
and Brown,_ 1964). Some of the inbreds have rachis internodes with 
prominent ventral Erojections (Fig. 6, E and G); others have somewhat 
elongated rachis inte rnode s (Fig. 6, D) and still others have extremely 
thick rachis internodes, short and thick rachillae and upcurved lower 
glumes (Fig . 6, H). 
If the vent ral projections of the rachis segments are prominent, the re 
is more space for the nodal parenchyma to occupy which would otherwise 
be occupied by the rachis tissue . If the rachis segments are elongated 
and stretched out, thickness of the rachis is decreased. If the lower 
glumes are greatly upcurved, the kernels are held more securely and 
there is more resistance to shelling d u ring combining. All these char -
acters tend to reduce the combining quality of the cob and suggest that 
extreme "Tripsacoidness" may contribute to poor shelling and needs, 
the ref ore, to be con side red when developing varieties adapted to com-
bine harvesting . 
M ORPHOLOGICAL CHARACTERS OF THE COB 
AND THEIR RELATION T O COMBINING 
Morphological characters of the cob, if carefully selected in parental 
inbred lines, can be used for predicting combining quality in the result -
ing hybrids . A few characters, such as rachis-pith ratio, degree of 
development of the inter row tissue, amount of nodal parenchyma, length 
and thickness of the rachillae, we re found to be of m a jor importance in 
determining the combining quality of the cob. These characters we re 
scored (or measured) and the scores (or measu r ements) were then aver-
aged to give a mean v alue fo r the line . The resulting means were con-
verted to a numerical index value, in which a low value represents poor 
cob quality, and a high value good cob quality. For exampl e the rachis-
pith ratio for the inbreds studied ranged from 1. 4 -2. 6. These were ar-
ranged in the index values given below : 
2 
1.7-1. 9 
3 
2.0-2.2 
4 
2. 3-2. 5 
5 
2. 6-::2 . 8 
Index values for other characteristics were arranged similarly, and 
from the individual characteristic inbred indices (each being given equal 
weight) an average 'cob score ' for each inbred line was determined as 
shown in Table 2. 
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Figure 5. Comparison of the longitudinally split middle portions of the 
cobs of some of the single crosses. The pith and other soft 
parts of the cob are removed with acid tre atment.· Interrow 
tissue which holds the longitudinal rows together is shown on 
the left (dor al view of the split cob) of each paired figure. 
Rachis thickness, de g ree of de velopment of tne nodes and 
vascular anatomy is shown on the right (ventral view of the 
split cob) of each paired figure. The empty spaces between 
two adjacent rachis inte rnode s of the same row (visible in 
ventral view) re pre sent sites where nodal parenchyma was 
pre sent before acid treatment. Degree of development of 
interrow tissue and nodal tissue va ries gre atly in the inbreds 
and the single crosses studied. Well-developed interrow 
tissue, and poorly-developed nodal parenchyma indicates 
good combining or cob quality. 
A. 06 4 x 705. Interrow tissue extremely well developed, rachis 
extremely thick, poorly developed nodal parenchyma. Cob 
quality excellent. 
B. 526 x 705. Interrow tissue well developed, rachis thick, poorly 
developed nodal parenchyma. Cob quality good. 
C. 336 x 385. Interrow tissue intermediate, rachis thick, nodal 
parenchyma fair. Cob quality good. 
D. 425 x 334. Interrow tissue fair, rachis intermediate, nodal 
parenchyma well developed. Cob quality poor. 
E. 064 x 425. Interrow tissue intermediate, rachis intermediate, 
nodal parenchyma extremely well developed. Cob quality int er -
mediate. 
F. 695 x 425. Interrow tissue poor, rachis extremely poor, nodal 
parenchyma extremely well developed. Cob quality poor. 
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Figure 6. Comparison in median longitudinal sections of the middle 
portions of the cobs of inbreds showing rachis-rachilla and 
lower glume relationship. Ease of shelling is a function of 
the length and thickness of the rachillae, the shorter and 
thicker the rachillae, the h arder is the shelling and greater 
is the cob splitting and breakage during combine harvesting. 
A. Inbred 705. Rachis thick, rachillae medium length and thickness, 
poorly developed nodes . Cob quality exc e llent. 
B. Inbred 385. Rachis thick, rachillae medium length and thickness, 
well developed nodal parenchyma. Cob quality good. 
C. Inbred 489. Rachis thick, rachillae medium length and thickness, 
nodal parenchyma fair. Cob quality good. 
D. Inbred 064. Rachis thick, rachillae short and thick, nodal 
parenchyma fair. Cob quality fair. 
E. Inbred 336. Rachis thick, rachillae long and thin, extremely well 
developed nodal parenchyma. Cob quality fair. 
F. Inbred 526. Ra chis thick, rachillae short and thick, nodal 
parenchyma well developed. Cob quality fair. 
G. Inbred 425. Rachis thin, rachillae long and thin , nodal 
parenchyma ext remely well developed. Cob quality poor. 
H. Inbred 334. Rachis extremely thick, rachillae extremely short 
and thick, nodal parenchyma extremely well developed. Cob 
quality poor. 
I. Inbred 695. Rachis thin, rachillae long and thin, nodal 
parenchyma well developed. Cob quality very poor. 
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Table 2. Average 'cob score' for inbred lines and its r e lation to average combining score. O' O' 
Inter row Nodal Average A verage 
Rachis-Pith Tissue Rachilla Parenchyma C ob Combining Average 
Inbred Index Index Index Index Score Score Moisture 
,..0 705 5 5 5 5 5.0 4 .2 36 . 6 
0 
u <I) 
J..; 385 3 4 5 4 4 .0 3. 7 34 . 5 
...c:: 0 
00 u jJ en 489 4 3 4 3 3 . 5 3 . 6 34.4 
Ul 
M 
::r: 
Cl 
:;t> 
<I) 
~ <I) 064 5 3 2 2 3.0 2 . 8 34 . 5 t"' 
;:c; 1-< Ill 0 ::s 
<I) u 336 3 3 4 2.8 3. 0 30 .7 0.. s en 
1-< 
,..0 tp 
<I) 0 526 4 2 3 2 2.8 2.5 34 . 0 ~ ~ u 0 
H ~ 
'Z 
,..0 425 2 2 4 2.2 2.6 34. 2 
0 
<I) u J..; 
~ 0 334 5 u 2 2. 2 2.4 34.4 
0 en 
....:i 695 2 3 2 2.0 1. 5 35.8 
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For adaptation to combine harvesting, the inbreds were tested in the 
summe r of 1959 at Johnston, Iowa. A highly significant relationship 
between the average cob score and the combining score of the inbreds 
was observed (r = +0. 92, Table 2). In the summer of 1960, the single 
cross combinations betw een the inbreds were tested for adaptation · to 
combine harvesting (see Mate rials and Methods). A fixed volu m e of the 
cob sample, at harvest, was saved which was used at a later p e riod to 
determine the 'cob score.' In the single crosses, as in the inbreds, a 
highly significant correlation between the average cob score and the 
average combining score was observed (r = +0. 69). Furthermore, the 
inbreds with high cob score , in crosses, tend to be partially dominant 
over the ones with poor cob score . A most simplified scheme for the 
inheritance of 'cob score' (cob quality) is as follows: 
Parents Cob Score 
High x High 
High x Intermediate 
High x Low 
Intermediate x Intermediate 
Intermediate x Low 
Low x Low 
Hybrid Cob Score 
High 
High 
Intermediate 
Intermediate 
Intermediate 
Low 
Further studies are needed to determine the genetics of each of the 
characters used to determine the cob score . Our preliminary studies 
suggest that each one is a multifactorial trait. 
DISCUSSIO N 
Morphological analysis of the corn cob r eveals that it is a complex 
structure composed of glumes, lemmas and paleas, rachillae, glume 
cushions, rachis nodes and internodes, prophylls, interrow tissue, inner 
and outer vascular system and a soft, spongy, parenchymatous tissue 
in the center known as pith. For combining, characteristics such as 
rachis-pith ratio, degree of development of the interrow tissue, degree 
of development of nodal pare nchyma, and length and thickness of rachil-
lae s e em to be of major importance and have been studied in consider -
able detail. Like other facets of phenotypic morphology, each of these 
characteristics is the end product of a process of growth and develop -
ment probably involving action and interaction of a great many enzymes 
over a considerable period of time. R esistanc e to cob splitting and 
breakage also involves levels of interaction , interaction at the higher 
level between the individual cob characteristics mentioned above . The 
combining quality of the cob is determined by association and relation-
ship of these characte rs to one another. 
It is apparent that most of the characters whi ch contribute to supe rior 
cob quality are highly heritable and exhibit partial dominance in hybrid 
combinations. When two parents differ r eciprocally for two characters 
(poor rachis and poor interrow tissue development), the F 1 hybrid be-
tween the two usually exceeds the mid parent value for both characters. 
268 SEHGAL and BROWN 
Since inbreds with better cob quality tend to contribute this charac-
teristic to their hybrids and since cob quality is easily determined by 
morphological methods discussed earlier, it seems possible to predict 
with considerable accuracy the reaction of hybrid combinations to com-
bine harvesting. The amount of work involved in evaluating cob quality 
of inbreds by morphological methods is minimal compared to that re-
quired to obtain the same information from hybrid combinations through 
the use of field harvesting equipment. It is suggested, therefore, that 
for purposes of obtaining information on reaction to combine harvesting, 
a little time spent studying the structure of the cob of inbreds can sub-
stitute for a vast amount of testing of hybrids in the field. 
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COMPARATIVE MORPHOLOGY OF THE DORMANT 
PLUMULE IN SOME GENERA OF LEGUMINOSAE 1 
H. P. Hostetter 2 
A BS TRACT. A s u r v e y w a s m a d e o f t h e o r g a n o g r a p h y o f 
the mature plumule in 13 genera of the Leguminosae. 
Leaf number varied from one in C ercis canadensis, 
Cassia occidentalis, and Cassia sp. to six or seven in 
Pisum sativum. Axillary bud primordia were lacking 
in the plumule except in P isum sativum. Buds were 
found in the axils of cotyledons in Gleditsia triacan -
thos, Chamaecrista fasciculata, and Pisum sativum. 
In Gymnocladus dioica, a r ow of five to seven bud pri-
mordia was found on each side of the epicotyl above 
the point of cotyledon attachment. A uniseriate tunica 
was found in all species except Cass ia sp., Pi sum 
sativum , and Amorpha fruticos a; all of which exhibited 
a biseriate tunica. Ca ssia occidentalis, Chama ecrista 
fasciculata, and D esmodium sp. showed both a uni-
seriate and biseriate tunic a. Str uctures that may be 
stipular were found adnate to the cotyledons in Cercis 
canadensis, Cassia occidentalis, and Desmanthus illi-
noensis. 
Angiosperm embryos are known to vary widely in the complexity of 
organ and tissue development at maturity. As Coulter and Chamberlain 
(1903) stated, "The degree of development of the embryo is extremely 
variable. In some cases a plumule with several leaves is formed, and 
even lateral roots appear, as in Gramine ae, Impatiens, Cucurbita, Trapa 
etc.; while in many parasites and saprophytes the embryo is represented 
only by an undifferentiated mass of cells." The present investigation 
was undertaken to sample the range of morphological variation in the 
mature dormant plumule among selected genera of the Leguminosae, with 
emphasis on organography and histology, and to seek possible correlation 
between organography and t a xonomi c position in the family. 
Pammel (1899) published a c omprehensive review of leguminous seed 
anatomy, but he excluded embryo structure. S oueges (1927-1949) con-
tributed significantly to the early embryogeny of legumes, but his reports 
1 Journal Paper No. J-4 933 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1073. Received 9/ 9 / 64. 
2 The author wishes to thank Professor J. E. Sass for suggesting the 
problem and for his guidance throughout this investigation. Thanks are 
also extended to Professor Duane Isely fo r his review of the manuscript 
and to Dr. Isely and C.R. Gunn for supplying some of the seeds used in 
this study. 
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did not discuss the mature embryo. Reeve's description of Pisum sati-
vum (1948) was essentially the first report of late embryogeny inthe 
Leguminosae. Miksche's work on Glycine max followed in 1961. Esau 
(1962) observed that embryologists have been mainly interested in early 
embryogeny and that few reports of later embryo development are avail-
able. 
MATERIALS AND METHODS 
Mature seeds of the following species were used: Desmanthus illino-
ensis (Michx.) MacM. , Gymnocladus dioica (L.) K. Koch. , Gl~a 
triacanthos L., Cercis canadensis L., Cassia occidentalis L., Cassia 
sp. , Chamaecrista fasciculata (Michx.) Greene, Cladastris lute a Raf., 
Phaseolus vulgaris L. (variety Burpee' s Stringles s Green-Pod), Des -
modium sp., Lupinus sp., Pisum sativum L. {variety Little Marvel), 
and Amorpha fruticosa L. Seeds were scarified by filing, if necessary, 
and soaked in water at 5° C until soft. Absence of reactivation from the 
dormant state has been demonstrated at this temperature. The embryo 
axis, and occasionally the entire embryo in smaller species, was ex-
tracted, killed and fixed in Craf I or Craf III, dehydrated in a dioxan-n-
butyl alcohol series, and embedded in paraffin for sectioning. 
To facilitate sectioning of hard material, one face of the embedded 
embryo was exposed and soaked in water at 35° C overnight. Sections 
were cut at eight to eleven microns depending on the material and the 
purpose. The stain employed was a modification of Foster's (1934) tan-
nic acid and iron chloride method or safranin-fast green {Sass, 1958). 
OBSERVATIONS 
Certain terms used in this report will be defined. The term plumule 
refers to the stem apex and embryonic leaves. Leaf primordium refers 
to the early stages of development up to initiation of the lamina. Leaves 
with a definite lamina are designated as young leaves. The stem apex 
is the meristematic dome above the youngest visible leaf primordium. 
Measurements on the stem apex were taken at the node of the youngest 
leaf primordium except when indicated differently. The measurements 
are intended on an ansolute scale to provide an indication of the relative 
size of regions under consideration. 
Mimosoideae 
Desmanthus illinoeil'sis 
The plumule consists of two embryonic leaves attached at right angles 
to the cotyledons {Figs. 1, 2). The older leaf has initiated several leaf-
lets and arches over the stem apex. The younger leaf has no definite 
lobes or leaflets and arches away from the apex. No axillary bud pri-
mordia are present. 
The stem apex consists of a uniseriate tunica and a homogeneous 
corpus. Its height is 5 to 10 µ and its diameter is 40 to 50 µ. Two stip-
ules on each side of the stem apex and adnate to the cotyledon base are 
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present. See the discussion under Cercis canadensis for a more detailed 
description of these structures. No obvious vascular differentiation has 
occurred in the plumule although individual procambium cells are much 
elongated. 
Cae salpinioideae 
Gymnocladus dioica 
The plumule consists of four embryonic leaves in alternate arrange-
ment, three of which are lobed and the fourth is an unlobed primordium 
(Figs. 3-6). The two oldest leaves, which are attached at right angles to 
the cotyledons, have initiated seven to nine leaflets and are folded along 
the midrib. The third leaf, attached perpendicular to the first two, has 
initiated £ewer than seven l eaflets and the fourth leaf, a primordium, has 
no leaflets. Epidermal hairs are present but not numerous on the leaves. 
No axillary bud primordia are present in the plumule. 
The stem apex is a smooth dome with a uniseriate tunica and a homo-
geneous corpus. Its height is from 9 to 40 µ and its diameter is from 55 
to 140 µ. No vascular differentiation is apparent in the plumule. 
A vertical row of five to seven bud primordia is present on each side 
of the epicotyl, extending from just above the attachment of the cotyledon 
to just below the stem apex (Figs. 6, 7). The buds are not subtended by 
foliar structures nor have they initiated leaves of their own, but densely 
pubes cent leaves develop subsequent to germination. A procambial trace 
leads to each bud primordium. The buds may arise basipetally since 
the primordia nearest the cotyledonary node appear less fully developed 
and are smaller than those above. Nast (1941) discussed in more detail 
similar bud primordia and their possible relation to the cotyledons in 
Juglans regia. 
Gleditsia triacanthos 
The plumule contains five or six emb ryonic leaves alternately ar-
ranged (Figs. 9-11). The two oldest leaves are attached at right angles 
to the cotyledons, are folded along the midrib, and 17 to 21 leaflets have 
been initiated. The third and fourth leaves are attached perpendicular to 
the first two, are folded along the midrib, and 15 to 21 leaflets have been 
initiated. The fifth leaf is attached at va riable angles (usually 70 to 90°) 
from the plane of attachment of l eaves three and four and is barely lobed. 
The sixth leaf, if present, is a primordium and is attached at 140 to 170° 
from the fifth leaf. 
The stem apex is a smooth dome with a uniseriate tunic a. Its diameter 
is roughly 100 µ and its height is quite variable, depending on whether 
the sixth leaf primordium has been initiated. A bud with a procambium 
trace is present in the axil of each cotyledon. No buds are present in 
t .he plumule. 
Ce rcis canadensis 
The rudimentary plumule consists of one leaf primordium which is 
slightly higher· than the stem apex and is attached at right angles to the 
cotyledons (Figs. 12-14). A procambium trace which appears to have 
differentiated acropetally can be seen at the base of the primordium. No 
axillary bud primordia are associated with the plumule or cotyledons. 
272 H.P. HOSTETTER 
The first longitudinal section drawn for a given species is in a plane 
perpendicular to the plane of cotyledon attachment and will show the 
oldest leaves. A second longitudinal drawing, if present, is in a plane 
parallel to the plane of cotyledon attachment. See Figure 8 legend for 
a description of abbreviations. 
De smanthus illinoensis 
Figure 1. Longitudinal section through the stem apex showing 2 leaves 
(52X). 
Figure 2. Cross section showing the lobe d first leaf and the second leaf 
(52X). 
Gymnocladus dioica 
Figure 3 . Longitudinal section showing leaves and 2 (52X). 
Figure 4. Longitudinal section showing leaves 3 and 4 (52X). 
Figure 5. Cross section at the youngest node showing 4 leaves (54X). 
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Gymnocladus dioica 
F igure 6. Longitudinal section in the plane of cotyledon attachment 
showing leaves 3 and 4 and the uppermost bud primordia on 
the e picotyl (78X). 
Figur e 7. Longitudinal section in the same plane as Figure 6 showing 
the lowermost bud primordia. Cotyledon trace is in extreme 
lower right (78X). 
C er cis canadensis 
Figure 8 . Longitudinal section perpendicular to the plane of cotyledon 
attachment showing the stem apex, the single leaf primor -
dium, and one of the four stipules. The stipule i .s attached 
to a mound of tissue which is a part of the wrap - around 
cotyledon base. No procambium trace can be found near the 
stipule (180X) . 
BP 
c 
CB 
CBP 
s 
SA 
Bud p rimo rdi um 
Cotyledon 
Wrap - around base of the cotyledon 
C otyledonary bud primordium 
Stipule 
S tem apex 
The number of a leaf in order of initiation 
is indicated by the respective numeral. 
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The stem apex has a uniseriate tunica. The height of the apex is 0 to 
3 µ.and its diameter is 10 to 15 µ. Two foliar structures adnate to the 
cotyledon base and at 90° to the plane of cotyledon attachment are pres-
ent on each side of the stem apex. These are not foliage leaves in the 
usual sense because no procambium trace can be found leading to their 
base, their cellular organization is different from that of the single 
foliage leaf primordium, and they are attached to cotyledonary tis sue 
rather than to the epicotyl (Fig. 8). In addition, the structures do not 
develop appreciably after germination and remain achlorophyllous for at 
least three weeks subsequent to germination when grown under green-
house conditions. These foliar structures are interpreted by .the author 
to be stipules. Leaves of the mature plant have caducous stipules and 
the structures in question are attached where stipules would be expected. 
Cassia occidentalis 
The plumule contains one leaf primordium somewhat larger than that 
of Cercis and is attached at right angles to the cotyledons (Figs. 15-17). 
No axillary buds are associated with the plumule or the cotyledons. The 
stem apex is a smooth dome,apparently with either a uniseriate or bi-
seriate tunica. The biseriate condition was found more frequently but a 
single tunica was found in some specimens. The apical height is 10 to 
20 µand its diameter is 90 to 110 µ.. Three or more stipule s are pre sent 
on each side of the stem apex as in Cercis. 
Cassia sp. 
The plumule of an undetermined species of Cassia, possibly~ · mary-
landica, is similar to that of s;;. occidentalis. The stem apex is a smooth 
dome with a biseriate tunica. The height of the apex is 10 to 20 µ and 
its diameter is 60 to 70 µ. Localized periclinal cell divisions, in some 
specimens, at 180° to the single leaf primordium and in the second 
tunica layer may indicate initiation of the second leaf. Four or more 
stipules are present on each side of the stem apex. 
Chamaecrista fasciculata 
The plumule consists of two embryonic leaves; one a young leaf with 
several leaflets and one a primordium, both attached at right an gles to 
the cotyledons (Figs. 18-20). No axillary buds are associate d with the 
plumule but a bud primordium is pre sent in the axil of each cotyledon. 
The stem apex contains a uniseriate or biseriate tunica. The apical 
height varies from 0 to 5 µand its diameter from 40 to 60 µ. One or 
more stipules on each side of the stem apex are evident. 
Papilionoideae 
Cladrastis lutea 
The plumule has two leaf primordia attached at right angles to the 
plane of cotyledon attachment (Figs. 21, 22). The primordia do not arch 
over the stem apex. No axillary buds are pre sent in association with the 
plumule or the cotyledons. The stem apex contains a distinct uniseriate 
tunica with prominent anticlinally elongated cells. The apex may be flat 
or dome shaped but does not exceed 5 u. in height. Its diameter is 35 to 
45 u.. 
Figure 9. 
Figure 10. 
Figure 11. 
r : ·· · :>: 
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Gleditsia triacanthos 
Longitudinal section showing }eaves 1, 2, 5 and 6 (25X). 
Longitudinal section showing leaves 3 and 4 and the 
cotyledonary bud primordia (25X). 
Cross section at the node of the youngest leaf showing 
6 leaves (52X). 
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Cercis canadensis 
c 
s 
SA 
s 
14 
Figure 12. Longitudinal section showing the single leaf primordium 
and 4 stipules attached to the cotyledon base (52X). 
Figure 13. Longitudinal section showing two cotyledons and the stem 
apex (25X). 
Figure 14. Cross section at the node of the single leaf primordium 
showing 2 of the 4 stipules and one leaf (52X). 
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Cassia occidentalis 
Figure 15. Longitudinal section perpendicular to the plane of cotyledon attachment showing 
the single leaf primordium, the stem apex, and 6 stipules attached to the 
cotyledon base. (52X) 
Figure 16. Longitudinal section in the plane of cotyledon attachment showing the stem spex 
and cotyledons. (25X) 
Figure 17. Cross section at the node of the single leaf primordium showing 6 stipules and 
the cotyledons. (25X) 
Chamaecrista fasciculata 
Figure 18. Longitudinal section perpendicular to the plane of cotyledon attachment showing 
2 embryonic leaves, the stem apex, and 2 stipule s attached to the cotyledon 
base. (52X) 
Figure 19. Longitudinal section in the plane of cotyledon attachment showing the stem apex, 
cotyle dons, and cotyledonary bud primordia. (52X) 
Figure 20. Cros s section at the node of the youngest l eaf showing the stem apex, 2 l eaves, 
2 stipules and the cotyledons. (52X) 
Cotyledon 
Cotyledon base 
Cotyledonary bud primordium 
(C) 
(CB) 
(CBP) 
Leaf number is indi cated by the respective numerals 
Stipule 
Stem apex 
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(SA) 
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Phaseolus vulgaris 
The plumule contains four embryonic leaves attached di stichously at 
right angles to the plane of cotyledon attachment (Figs. 23, 24). Two are 
well developed, relati ve ly very large leaves and t w o are primordia visi-
ble as minute protuberances on the stem apex. No bud primordia are 
present in the axils of the foliage leave s. Partly differentiated guard 
cells with substomatal chambers can be found on the two older leaves. 
The ste m apex has a uniseriate tuni ca and i s 50 to 70 µ high and 140 to 
160 µ in diameter. The c ellular organization of the two very young leaf 
primordia indicates that the first periclinal divisions oc cur in the corpus. 
This is similar to P isum sativum in that the first periclinal divisions 
are not in the first tunica layer (s ee P isum). 
D esmodium sp. 
The plumule consists of two leaf primordia attached at right angles to 
the plane of cotyledon attachment (Figs. 25, 26). The older primordium 
arches over the stem apex and the younger one arches away from the 
apical dome. No bud primordia are pr esent. The stem apex may consist 
of e ither a uniseriate or bis e riat e tunica and may be from 0 to 5 u high 
and 50 to 60 µ in diameter. 
Lupinus sp. 
The plumule consists of four alternately arrange d embryonic leaves, 
the oldest two of which have initiated leaflet s and are attached at right 
angles to the plane of cot yledon attachment (Figs. 27, 28). L eaves three 
and four are primordia attached perpendicular to the oldest two leaves. 
No axillary bud primordia are pre sent. The stem apex is a smooth dome 
with a uniseriate tunica. Its height is 20 to 40 µand its diameter is 110 
to 140 µ. 
Pisum sativum 
The plumule consists of at least six alternately arranged l eaves in 
distichous phyllotaxy, at r ight angles to the plane of cotyledon attach-
ment (Figs. 29-32). The oldest four leaves have already initiated leaflets, 
the fifth has a lamina, and the sixth is a primordium. In some speci-
mens a seventh leaf has been initiated but is very rudimentary. Buds 
are present in the axils of the three oldest leaves. The two oldest buds 
have an undetermined number of leaf primordia and the youngest (third) 
bud has nc;me. A we ll-de veloped bud primordium is present in the axil of 
each cotyledon. 
The stem apex is a smooth dome and has a biseriate tunica. Its height 
is 40 to 85 µ and its diameter is 170 to 190 u. Distinct, specifically 
localized periclinal divisions were found in the second tunica layer of 
some , but not all, of the specimens examined (Figs. 29, 30). These di-
visions are at 180° to the sixth leaf primordium and are in the position 
of initiation of the seventh leaf. Since the tunica is distinctly biseriate 
in Pisum, it is evident that these are the first periclinal divisions of 
leaf initiation. Some specimens, as mentioned earlier, have the seventh 
leaf developed to the extent of a small protuberance on the stem apex. 
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Table I. Summary of measurements and structures of apice s. 
Ape x Apex Embryonic 
height diameter Tunica foliage 
S:eecies {t:} {t:} laye r leaves 
Gymnocladus 
dioica 9- 40 55-140 4 
Gleditsia Highly Highly 
triacanthos variable variable 5 or 6 
C e rcis 
canadensis 0-3 10-15 
Cassia 
o c cidentali s 10-20 90 -110 or 2 
Cassia sp. 10-20 60-70 2 
Chamaecrista 
fasciculata 0-5 40 - 60 1 or 2 2 
Desmanthus 
illinoensis 5-10 40 - 50 2 
Pisum sativum 40-85 170-190 2 6 or 7 
Phaseolus 
vulgaris 50-70 140-160 4 
Cladrastis l ute a 0-5 35-45 2 
Desmodium sp. 0-5 50-60 or 2 2 
Lu:einus sp. 20-40 110-140 4 
Amor:eha 
fruticosa 0-25>:< 35-100* 2 3 
>:< Measurement taken at the node of the second leaf. 
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Cladrastu s lutea 
Figure 21. Longitudinal section showing 2 leaves (52X). 
Figure 22. Cross section at the node of the youngest leaf showing 
2 leaves (52X). 
Phas eolus vulgaris 
Figure 23. Cross section showing 2 leaves. The younger 2 leaves are 
not readily apparent in cross section (25X). 
Figure 24. Longitudinal section showing the 4 l eaves in distichous 
phyllotaxy (25X). 
D esmodium sp. 
Figure 25. Longitudinal .. section showing 2 leaves (52X). 
Figure 26. Cross section showing 2 embryonic leaves (52X) . 
Lupinus sp. 
Figure 27. Longitudinal section showing the 2 oldest l eaves (52X). 
Figure 28. Cr OS$ section showing 4 leaves (52X). 
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Figure 29. Longitudinal section of Pisum sativum perpendicu~ar to the 
plane of cotyledon attachment showing pe riclinal divisions 
in the second tunica layer. A portion of leaves 5 and 6 is 
visible. (180X) 
Figure 30. Same as Figure 29 exc ept the seventh leaf primordium is 
clearly visible as a protuberance (180X). 
' . . <· 
' 
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31 
Pi sum sati vum 
Figure 31. Longitudinal section perpendicular to the plane of cotyledon 
attachment showing all 6 leaves and 3 axillary bud primor-
dia. (25X) 
Figure 32. Cross section showing 6 leaves and the stem apex. (52X) 
33 
Amorpha fruticosa 
Figure 33. Longitudinal section perpendicular to the plane 
attachment showing 2 l e ave s. (52X) 
Figure 34. Cross section showing 3 leaves, the stem apex, 
dons. (52X) 
Axillary bud primordium 
Cotyledon 
(ABP) Cotyledon base 
(C) Stem apex 
34 
of cotyledon 
and cotyle-
(CB) 
(SA) 
Leaf number is indicated by the respective numerals. 
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Amorpha fruticosa 
The plumule consists of three embryonic leaves in alternate arrange-
ment (Figs. 33, 34). The first (oldest) leaf arches over the stem apex 
and the second arches away from the apex. Both have initiated a lamina 
and are attached at right angles to the plane of cotyledon attachment. 
The third leaf, a minute primordium, is attached perpendicular to the 
first two. No axillary buds are present in the plumule. The stem apex 
has a biseriate tunica and may be up to 25 µin height above the node of 
the second leaf. The diameter of the apex is 35 to 100 µ. 
DISCUSSION 
As noted in Table 1, all species herein described have at least one 
embryonic leaf, the maximum number being seven in Pisum sativum. At 
least two species of T rifolium ('.!'. pratense and ,'.!'. repens) are known to 
lack plumular leaf primordia. >:< Axillary bud primordia are pre sent in 
some species but absent in others. Thus, it is apparent that a wide 
range of plumular development is manifest within the family and within 
the two better represente d subfamilies. It was observed, however, that 
without exception the first leaf or leaves are attached perpendicular to 
the plane of cotyledon attachment. Later leaves vary in phyllotaxy. 
Three of the species described, (Cassia occidentalis, Chamaecrista 
fasciculata, and Desmodium sp.) contain individuals exhibiting either a 
bis e riate or uniseriate tunic a. This variability among apice s of the same 
species is of interest because the mature dormant embryo should provide 
the best opportunity to observe individuals which are at the same phase 
of morphological development. At no other time in the life of the plant 
can one be as certain of obtaining individuals of a sample at the same 
developmental phase. Thus, the most accurate comparison of apical 
zonation can be made-yet variation still occurs within certain species. 
One should, therefore, use caution in stating the zonation of a stem apex 
without first specifying the place in the life cycle of the plant and the 
environmental conditions preceding the observations. 
With two exceptions, no organogenic difference was found in mature 
seeds of the same species used in this study. The size of embryo and 
organs was variable, but organogeny in species with four or fewer em-
bryonic leaves was quite constant. The only exceptions were individuals 
with rriore than four leaves such as Gleditsia triacanthos and Pisum 
sativum. Since fertilization does not occur simultaneously in all flowers 
of the same plant, some seeds reach maturity before others, however, 
it appears that when a certain organogenic point is reached, no further 
organs are formed. 
Further work of this type may re veal areas helpful in classification. 
A more comprehensive study of genera within tribes, species within 
genera, and individuals within species may provide differences or simi-
larities which would hopefully be useful to the systematist. 
>:< Nels R. Lersten, private communication 1964, Department of Botany 
and Plant Pathology, Iowa State University, Ames, Iowa. 
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TAXONOMY OF THE GENUS SPHENOPHOLIS (GRAMINEAE) 1 
Kimball Stewart Erdman 2 
ABSTRACT. T h e Am e r i c a n g r a s s g e nu s S p h e n o p h o 1 i s i s 
shown on morphological and cytological bases to be 
festucoid. The genus is placed in the tribe Aveneae by 
reason of its close relationship to Koeleria and Trise-
tum. In common with these genera, it has permanently 
liquid endosperm. Presence of hybrids between the 
so-called Trisetum pennsylvanicum and a species of 
Sphenopholis supports the transfer of this species to 
Sphenopholi s. 
Three previously recognized species, S . obtusata 
(Michx.) Scribn., S. filiformis (Chapm.) Scribn. and 
S. nitida (Biehler) Scribn. are maintained. S. inter -
~edia (Rydb.) Rydb. and e_. longiflora (Vas ey) Hitchc. 
are merged withe_. obtusata (Michx.) Scribn. as var. 
major. 
Cytological studies and chromosome counts of the 
species of Sphenopholis revealed complete uniformity 
of chromosome numbers. Chromosome counts of S. 
f i 1 if or mis (Ch a pm.) Sc rib n. , S. nit id a (Bi eh 1 e r) Sc rib n~, 
S. pensylvanica (L.) Hitchc.~ all previously undeter-
mined, were found to be 2N=l4. 
INTRODUCTION 
The genus Sphenopholis (Gramineae) is a small distinctive group of 
North American grasses of the Aveneae. It was described in 1906 by 
Scribner, based on species transferred from two other genera. No re-
visionary study of the genus nor intensive investigation of any of the taxa 
has previously been conducted . This study clarified the limits of the 
genus Sphenopholis and provides revisionary consideration of its taxa . 
METHODS AND MATERIALS 
This revision is based upon herbarium specimens, field studies and 
local population samples made in eastern and southern United States, and 
living plants grown in the greenhouse from clones or seed collected in 
the wild. 
1 Journal paper No. J-4985 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames. Project 1136. The facilities of the Iowa 
State Herbarium, supported by the Indust rial Science Research Founda-
tion, were used in this study. 
2 Present address, Dept. of Botany, Weber State College, Ogden, Utah. 
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Morphological measurements 
Plant height was measured from the base of the culm to the tip of the 
longest inflorescence. Leaf length was measured from the ligule to the 
l eaf tip; determinations were made on lower leaves except where other -
wise indicated . Leaf width was measured at the widest point of the blade. 
No attempt was made to unroll the involute blades of~· filiformis . 
All measurements of small structures were made to the nearest tenth 
of a millimeter using an ocular micrometer fitted in a binocular micro-
scope. The density of the panicle was determined by measuring the dis-
tance between spike lets on ultimate branches. The pedicel length was 
defined as the l ength from the point of attachment on the branch to the 
base of the first glume. Spikelet length was measured from the base of 
the first glume to the tip of the uppermost l emma, excluding awns if 
prese nt. Awns were measured separately. The folded widths of the 
glumes were determined at the widest point. Length of the rachilla joint 
was determined by measuring the distance from the point of articulation 
with each floret. 
Local population samples 
These samples (mass collections) were prepared by taking individual 
culms from each of ten to thirty plants along a transect through a colony. 
As far as possible, the culms were taken randomly. The populations 
samples are preserved in the Iowa State University Herbarium. 
Cytological studies 
Somatic chromosome counts were made from material taken from 
plants grown in the greenhouse, eithe r from seed collected from wild 
plants or from clones collected in the wild and transplanted. 
S ee ds of Sphe nopholis were germinated by placing the spikelets on 
blotters soaked in 0. 2% KN03 and stored in a cold chamber at 10°C for 
approximately 30 days. They we r e then placed in a germinator operated 
at 30° C during the day and 20° C at night. Some seeds germinated during 
the cold treatment, others not until they had been in the warm chamber 
over a week. 
Counts were made from root tips treated with O. 02% Actidione to 
shrink the chromosomes and subsequently fixed in 3: 1 absolute alcohol: 
glacial acetic acid for 2 - 24 hours. Staining was with Feulgen stain . 
Voucher specimens of all plants from which chromosome counts were 
obtained are deposited in the Iowa State University Herbarium. 
Herbarium studies 
Herbarium specimens used in this study were borrowed from the 
following institutions . I should like to express my appreciation to the 
curators who made these specimens available. Abbreviations used for 
all herbaria cited in this paper are those in Lanjouw and Stafleu (1 959). 
CAS 
F 
G 
ISC 
MO 
California Academy of Science 
Chicago Natural History Museum 
Gray Herbarium 
Iowa Stat e University 
Missouri Botanical Garden 
Synonymy 
SMU 
NY 
us 
UC 
TEX 
WIS 
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Southern Methodist University 
New York Botanical Garden 
United States National He rbarium 
University of California, Berkeley 
University of Texas 
University of Wis cons in 
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Synonyms for each species are listed in the taxonomic treatment. 
The procedure of Isely (1962) was used to indicate the basis for inclusion 
of each name. The appropriate number follows each citation, as follows: 
(1) Type specimen , fragment of type, or a photograph of the type 
examined. 
(2) Interpretation of name based on original description. 
(3) Follows usage of another author who has seen the type. 
(4) Follows present accepted usage. 
Leaf structure 
A cross section of the leaf of ~· nitida (Fig. 1) reveals rypical festu-
coid vascular bundles and mesophyll. The vascular bundles are enclosed 
by a prominent 11 endodermis 11 with only the inner walls greatly thickened. 
This characteristic is not common in the festucoids but is found in some 
genera (Brown 1958). As in other festucoids, there is little differentia-
tion of a parenchyma sheath surrounding the 11 endodermis. 11 The meso-
phyll appears loose and irregular but the air spaces are small and in-
frequent. The leaf epidermis also reveals characteristic festucoid 
features in the stomate s, specialized cells, and epidermal projections 
(Fi g . 1) (Stebbins 1956). 
The epidermis of~· nitida is similar to that of both varieties of E· 
obtusata. Each has epidermal cells with straight cell walls and only a 
few rippled wall cells. There is little difference between the abaxial and 
adaxial surfaces. The epidermis of ~· pensylvanica is similar but the 
cells are larger. E· filiformis has a very distinctive epidermis. The 
adaxial surface is normally enclosed by the involute margins and the 
numerous stomates are crowded in narrow strips between the prominent, 
barbed veins. The epidermal cells are straight walled. The abaxial 
epidermis on the other hand is rather smooth with obscure veins, few 
epidermal projections and stomate s, and numerous specialized cells. 
All the cell walls are strongly undulate. 
Seed structure 
The embryo of Sphenopholis occupied only a small portion of the cary-
opsis and is listed by Martin (1946) as one of the smallest in the grass 
family. Others in this same size class are Koeleria, Limnodea, Holcus, 
Cinna, and Beckmannia. Species of Trisetum have a somewhat larger 
embryo than members of these genera . 
Morphological studies of the embryos of Sphenopholis, Koeleria, and 
T risetum made by Reeder (1957) revealed that all three we re typical 
fe stucoids with an epi blast, and having the coleorhiza joined to the scu-
tellum. The scutellum elongates greatly during germination. 
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Figure 1. Leaf anatomy in Sphenopholis 
A. Leaf cross section of S. nitida 
- ---B. Abaxial leaf epidermis of S. pensylvanica 
C. Abaxial leaf epidermis of S. obtusata 
D. Abaxial leaf epidermis of S. filiformis 
E. Adaxial leaf epidermis of S. filiformis 
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The most distinctive attribute of the seeds of Sphenopholis is the 
presence of a permanently liquid endosperm. Martin (1946) noted that 
all the grasses with small embryos, including Trisetum, had an unusual 
endosperm which he characterized as "soft fleshy." He did not pursue 
this observation further. In 1955 Brown published a discussion of the 
"liquid endosperm" of Limnodea. Dore (1 956) published his observations 
of the same character in Sphenopholis and the closely allied genera Tri-
setum and Koeleria. All species of Sphenopholis have this type of endo-
sperm. 
Dore also examined seeds of genera included at one time or another 
in the Aveneae and found the endosperm generally to be hard or mealy. 
Cinna, Beckmannia, and Alopecurus had soft fleshy endosperm and Lim-
nodea and Helictotrichon had liquid endosperm similar to Sphenopholis. 
The granular portion of Sphenopholis endosperm consists of particles 
of two sizes, the larger ones being made of varying numbers of the 
smaller particles. When the endosperm is ·placed in water it becomes 
whiter, more opaque, and more viscous. This corresponds to the ob-
servations of Brown (1955) concerning Limnodea endosperm. Brown also 
reported that both types of particles turned purple when tested for starch 
with I 2KI. In Sphenopholis generally only the larger particles reacted 
positively to this starch test. 
At maturity the endosperm is nonliving and noncellular according to 
the negative tests with proprio-carmine, a nuclear stain, and lactophenol-
cotton blue, a cytoplasmic stain. 
The free water content of liquid endosperm of Limnodea is about 25%. 
There are numerous oil droplets and some proteins as well as starch 
grains suspended in solution (Brown 1955). 
The endosperm of Sphenopholis, like that of Koeleria, Trisetum, and 
Limnodea, remains liquid for many years but eventually hardens under 
the severe drying conditions of herbaria. I examined seeds collected in 
1918 which had endosperm i dentical in consistency to that of specimens 
in 1963. In older specimens the endosperm was increasingly dry and 
mealy. 
On the basis of leaf anatomy, embryo structure, and other morpho-
logical characteristics (Reeder 1957; Stebbins 1956), as well as chromo-
some number and size, the genus Sphenopholis is a typical member of 
the subfamily Festucoideae. 
CYTOLOGY 
Cytological studies using root tip smears and microsporocytes were 
made for all of Sphenopholis. A summary of my counts and those of 
other workers is presented in Table 1 and illustrated in Figure 2. The 
voucher specimens of Brown; Bowden; Nie lsen and Humphrey were not 
seen. Lists of individual counts are recorded for each species in the 
taxonomic treatment. 
This wholly diploid genus is unusual among othe r grass genera inas-
much as polyploidy oc curs in nearly all genera and in at least 70% of 
grass species (Stebbins 1956). The closely related genera, T risetum 
and Koeleri_a also have a base number of seven but polyploidy is com-
mon (Love and Love 1961; Darlington and Wylie 1955; Avdulov 1931). 
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Figure Z. Chromosomes in the genus Sphenopholis 
A. Meiotic chromosomes in S. obtusata var. obtusata. 
B-F. Mitotic chromosomes pre shrunk with actidione. 
B. S. obtusata var. obtusata. C. S. obtusata var. major. 
D. ~· nitida. E. S. filiformis. F. ~· pensylvanica. 
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Table 1. Summary of chromosome numbers reported in the genus 
Sphenopholis (all counts are 2N=l4). 
Species 
S. obtusata 
S. filiformis 
S. nitida 
- ---
S. pensylvanica 
Brown (1950); Niels e n and Humphrey (1937 for ".§_. 
intermedia"); Bowden (1960 for "~· intermedia"); 
Gould (1958 for "~· longiflora"); Erdman. 
Erdman. 
Gould (unpublished) ; Erdman. 
Erdman. 
GENERIC RELATIONSHIPS 
Sphenopholis is placed in the Aveneae because of the large glumes 
which almost equal the first floret in length, the low number of florets 
(2-3), short rachilla joints, and the apparent close relationship to other 
genera of the Aven.eae, such as Trisetum and Koeleria (Hitchcock, Swal-
len and Chase 1939). 
Sphenopholi s shares with Tri setum and Koe le ria the unusual liquid 
endosperm and minute embryo in addition to general similarities of 
morphology in the spikelet: Sphenopholis appears to be intermediate 
·between Trisetum and Koeleria. S. obtusata var. obtusata resembles 
Koeleriawith its dense spikelike panicles, scabrous glumes and lemmas. 
§.· obtusata var. major and other species of Sphenopholis resemble Tri-
setum with looser particles, scarious glumes, awns, etc. However, 
Sphenopholis is clearly distinguished from either Koeleria or Trisetum 
on the basis of the disarticulation of the spikelet and the strongly dimor-
phic nature of the glume s. Awns when pre sent arise at or near the apex 
in contrast to Trisetum in which the awn generally aris_e s from the back. 
Sphenopholis is also diploid while Koeleria and Trisetum have well-
developed polyploid series. 
THE GENUS SPHENOPHOLIB 
Sphenopholis Scribn. , Rhodora ~: 137. (1906) 
Reboulea Kunth, Rev. Gram . .!_:341 pl. 84. (1830). (Nomina rejicienda, 
International Code of Botanical Nomenclature, Lanjouw 1961). 
Colobanthus Trin. in Spach, Suites Buff. ..!]: 163. (1864). Based on a 
section of Trisetum, Colobanthus Trin., Mero. Acad. Petersb. VI. 
Math., Phys., Nat. 1: 66. (1830). (Not Colobanthus Bartl. 1830). 
Eatonia Rafin. in Endli~her, Gen. Pl. 99. (1837). Not Rafinesque in 
Journ. de Phys. 89:104. (1819). 
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Generic description 
Plants annual or perennial; culms single or tufted, terete, hollow; 
culms, leaves, and sheaths glabrous or pubescent, blades flat or involute. 
Panicle erect or nodding, slender, dense or loose spikelet number highly 
variable . Spikelets disarticulating below the glumes, leaving a portion 
of the pedicel on the plant; glumes dissimilar in size and shape, persis-
tent, membranaceous to subcoriaceous; first glume usually shorter than 
the second and narrower, 1-(3) nerved, margins scarious, apex acute; 
second glume firmer, wider, obovate, 3-(5) nerved, lateral veins often 
prominent, margins scarious, apex rounded to acute. Spikelets two or 
three flowered; first floret sessile or borne on a short rachilla joint, 
rachilla joint between first and second florets glabrous or pubescent, 
prolonged past the second or third floret as a slender bristle. Florets 
hermaphroditic; lemmas firm, smooth to scabrous, nerves usually not 
visible, lemmas rounded on back, compressed near the apex, obtuse to 
acute or awned; awn, if pre sent, arising just below the apex, straight or 
bent; palea hyaline, shorter than the lemma, narrowed towards the base, 
2-nerved, slightly scabrous along nerves, slightly 2-toothed at apex, 
usually exserted at maturity; stamens 3, styles short, stigmas plumose; 
caryopsis loose within lemma, round or slightly compressed, oblong, 
abruptly narrowed to a short beak at the apex, wall flexible; endosperm 
liquid to jelly-like in consistency. 
Type of the genus: Sphenopholis obtusata (Michx.) Scribn. as desig-
nated by Scribner (1906). 
History of the genus 
The nomenclatural confusion in the history of this small genus is sur-
prising. Its four species have received as many as seventy different 
names and have been placed in thirteen genera. While Avena p ensylvanica 
(Linnaeus 1753) was the first Sphenopholis to be described, it was not 
recognized as being allied to the other species of the genus until recently. 
In 1803 Michaux described Aira obtusata. Other botanists including 
Biehler (1807) , Sprengel (18~1808), Muhlenberg (1813, 1817), Elliot 
(1 816, 1821), and Steudel (1840) followed Michaux's example in ascribing 
Sphenopholis species to Aira. Desvaux (1808) transferred!:· obtusata to 
Airopsis. De Candolle (1813) transferred this species to Koeleria. He 
was followed in this treatment by Nuttall (1818) and Torrey (1824). Link 
in 1829 transferred Aira obtusata to Poa. 
Trinius (1830) was the first to consider these grasses closely allied to 
Trisetum and transferred them to that genus as the section Colobanthus. 
Spach in 1846 elevated Colobanthus to generic rank but this name had 
already been used by Bartling in 1830 for a genus in the Caryophyllaceae. 
Kunth {1830) recognized the distinctive generic characters of this 
group of grasses and established the genus Reboulea to include them. He 
ignored the earlier Rebouillia, a genus of hepatics described by Raddi 
in 1818 (Farwell 1916). In 1846 Nees ab Esenbeck corrected Raddi' s 
generic name to Reboulia (Lanjouw 1961). Farwell (1916) noted this and 
maintained that the correct name for Sphenopholis was Reboulea Kunth 
and Nees ab Esenbeck's correction should be rejected. However, the 
name Reboulia Raddi has now been cons erved for the subject hepatic 
genus and Re boulea of Kunth rejected {Lanjouw 1961 ). 
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In 1847 Endlicher rejected Kunth' s Reboulea and assigned Aira obtu-
sata to Eatonia of Rafinesque. He was followed in this treatment by Gray 
(1856) and most other botanists until 1906. However, the original de-
scription of Eatonia by Rafinesque (Scribner 1906) s!ated that the spike-
lets were polygamous with one hermaphroditic flower and one staminate 
flower enclose d by a third glume. The type species, ~· purpurascens 
grew in the salt marshes of New York and had divaricate, flexuous 
panicles and purple spikelets. This is obviously not a Sphenopholis. 
Hitchcock (1908) examined the type of this species and identified it as 
Panicum virgatum L. 
Scribner (1906) proposed the genus Sphenopholis on the grounds that 
all previous generic names were invalid. He named S. obtusata based 
on Aira obtusata Michx. as the type species. Bis genus contained seven 
species. He considered the disarticulation of the spikelet to be the major 
distinction between Trisetum and Sphenopholis and therefore transferred 
three spe cies, .!· palustre (Michx.) Trin., .!· interruptum Buckl., and 
.!· hallii Scribn. to Sphenopholis. Hitchcock (1936) followed Scribner's 
treatment in part but transferred the three species back to Trisetum. 
I feel that there is ample justification to include at least .:E. ~­
vanicum (formerly.!· palustre) in Sphenopholis. My reasons are dis-
cussed in the taxonomic treatment of~: pensylvanica. 
Key to the species of Sphenopholis 
1. Spikelets small, less than 5 mm long; 2nd floret awnless or if 
awned, awn less than 3. 5 mm long. 
2. 1st glume narrow, less than 1 / 3 the width of the 2nd flume; 
~nd floret smooth to scaberulous; inflorescence loose to dense. 
3. Lower leaf blades usually less than 10 cm long, flat, 2-8 
mm wide. 
4. Spikelets without awns. 1. S. obtusata 
4. Spikelets awned. 2. S. obtusata XS. pensylvanica 
3. Lower leaf blades up to 45 cm long, filiform, less than 
2 mm wide, margins strongly involute. 3. S. filiformis 
2. 1st glume broad, 1/ 3-2 / 3 the width of the 2nd glume; 2nd floret 
strongly scabrous; inflorescence very loose. 4. ~· nitida 
1. Spikelets large, 5 mm long or longer; 2nd floret strongly awned, 
awn 3. 5 mm long or longer. . . . . . . . • • 5. ~· pensylvanica 
1. SPHENOPHOLIS OBTUSAT A (MICHX.) SCRIBN. 
Description 
Plants, .annual or perennial; culms single or tufted, 20-120 cm tall; 
sheaths and leaves glabrous, scabrous, or pubescent, blades flat, usually 
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Figure 3. Sphenopholis obtusata. 
A-C , G. S. obtusata var. major. 
A. Inflorescence; B. Spikelet; C. Florets; G. large form, 
previously ".~: longiflora. " 
D-F. S. obtusata var. obtusata. 
D. Florets; E. Spikelet; F. Inflorescence. 
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2-8 mm wide . Panicle erect to nodding , 5-25 cm long, varying from 
very dense and spikelike to loose and open; internodes between spikelets 
on ultimate branches 0. 2-3. 0 mm long; pedicels 0. 2-2 . 0 mm long. 
Spikelets 1. 5-5. 0 mm long, 2-3 flowered. Glumes strongly dimorphic 
in size and shape, first glume 1. 0 - 4 . 0 mm long, occasionally equal in 
length to the second glume but usually shorter, 0. 1-0. 3 (-4) mm wide, 
margins scarious, keel scabrou s at least toward apex; second glume 
1. 2-4. 2 mm long, often broadly obovate, 0. 5-1. 0 mm wide, lateral veins 
often prominent and scabrous, margins firm to scarious, apex strongly 
rounded to acute. First floret sessile or borne on short rachilla joint; 
second floret borne on a rachilla joint 0. 3-1. 2 mm long, rachilla joint 
occasionally pubescent; first lemma blunt to acute, 1. 4-4. 4 mm long, 
smooth to scaberulous; second lemma shorter, occasionally scabrous. 
Obs ervations 
Sphenopholis obtusata is a highly variable species. It has been sub-
divided into several species and varieties on the basis of plant size 
(Vasey ex Dewey 1894), coloration of spikelets (Vas ey ex Rydbe rg and 
Shear 1897), pubescence (Scribner andMerrill 1900, F e rnald 1 94 1) , shape 
of panicle, size and morphology of spikelets, size of plant and panicle is 
partially related to environment and is of little taxonomic value . Plants 
grown on mineral-deficient soil in the greenhouse showed purple colora-
tion on the spikelets. P ubescence is highly variable and apparently not 
useful as a taxonomic: character. The morphological feci.ture s of the 
panicle and spikelet seem to be more significant taxonomically and it is 
possible on these bases to divide~: obtusata into two subdivisions some -
what corr e lated with geography . 
Hitchcock (1935, Hitchcock and Chase 1950) treated this complex as 
two species, ~.: obtusata and " ~.: intermedia . 11 Most botanists have fol -
lowed Hitchcock although these species have proved difficult to differen-
tiate in the southern and western portion of their ranges. 
In the summers of 1962 - 63, I made sixty mass collections of these 
"species" in the Midwest and South . Three characters, the width/ length 
ratio of the second glume, the rachilla joint length, and the internode 
distance between the spikelets on the ultimate branche s of the panicle 
were most reliable for separating Hitchcock 1 s two taxa. However, it was 
difficult if not impossible to classify certain specimens. Figure 4 is a 
representation on the basis of two hundred specimens from ten mass 
collections of the variation in each of these characters. The numerous 
intermediates are obvious. 
The important characters were averaged for each mass collection 
and represented in a pictorialized scatter diagram (Fig. 5). Two major 
groups with a number of intermediate populations are revealed. The 
separation between the two groups becomes less distinct when individuals 
of selected mass collections are portrayed i n a similar scatter diagram 
(Fig. 6). 
I analyzed herbarium specimens using a hybrid index. Figure 7 por -
trays the range in hybrid index values from 0 (ideal S. obtusata) to 16 
(ideal S. intermedia) . There are many specimens ;ith intermediate 
values (5-9). 
The distribution map of such intermediates (Fig. 8) reveals that these 
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Figure 5. Mass collection a v erages i n Sphenopholis obtusata show ing 
intergradation between S. obtusata var . obtusata and S. 
obtusata var . maj or (fo;merly ~· intermedia). -
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specimens from 9 mass collections. 
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Figure 8. Geographic distribution of intermediates between Sphenopholis obtusata var. 
obtusata and~· obtusata var. major . 
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forms are located south and we st of the area of pleistocene glaciation. 
Only in glaciated lands and the eastern mountains can H it chcock's S. 
intermedia be distinguished from~· obtusata. -
While the data pres ented support a decision to merge Hitchcock 1 s two 
taxa, the separateness of the two entities in part of the United States 
provides the basis for creatin g a variety to include what has been called 
S. intermedia. 
Key to the varieties of Sphenopholis obtusata 
1. Width / length ratio of 2nd glume . 33 - . 50; apex of 2nd glume strongly 
rounded; panicle d e nse, spikelike ... lA. _§. obtusata var. obtusata 
1. Width/ length ratio of 2nd glume . 15 -. 32; apex of 2nd glume blunt to 
acute; panicle loos e . . . 1 B. ~· obtusata var. major 
lA. SPHENOPHOLIS OBTUSATA VAR. OBTUSATA (Figs. 3, 9) 
Sphenopholis obtusata (Michx.) Scribn. Rhodora 8:144. (1906). 
Based on Aira obtusata Michx. (2) 
Aira obtusata Michx . Fl. Bar. Amer . .!_:62. (1 8 03). Carolina to 
Florida , Michaux. Type in P, fragment and photograph of type 
in US, photograph of type in NY. (1) 
Airopsis obtusata (Michx.) Desv. in Journ. de Bot. L200. (1808). 
Based on "Agrostis obtusata Michx." (e rror for Aira). (2) 
F estuca obtusata (Michx. ex Beauv. Ess. Agrost. 163. (1812). 
Refe rred to Paa, probably an error for Aira obtusata Michx. (2) 
Paa obtusata (Michx.) Link. Hort. Bero!. 1:76. )1827). Based on 
--Aira obtusata Michx. (4) -
Ag~is obtusata (Michx.) Steud. Norn. Bot. ed. 2 . .!_:41, 45. (1840). 
Listed as a synonym of " Airopsis obtusata Desc." which is based 
on Aira obtusata Michx. (2) 
Koeleria obtusata (Michx .) Trin. ex Steud. Norn. Bot. ed. 2. 1 :41. 
Listed as a synonym of "Airopsis obtusata Desv." (2) 
R eboules obtusata (Michx.) A. Gray, Man. 591. (1848). Based on 
Aira obtusata Michx. (2) 
Ea~ obtusata (Michx.) A. Gray , Man. ed . 2. 558. (1856). Based 
on Aira obtusata Michx. (2) 
Aira t~ata Muhl. Cat. Pl. 11. (1813). Norn. nud. Description in 
~uhl. D es cr. Gram. 83 . (1817). Twre in PH:fragment of the 
type in US. (1) 
Koeleria truncata (Muhl.) Torr. Fl. North and Mid U.S. 1: 116. 
(1824). Based on Aira truncata Muhl. (2) 
Reboulea truncata (Muhl.) Torr. in Munro. Journ. Linn. Soc. Bot. 
6:43. (1862). "R. truncata Torr." listed as a synonym of R. 
gracilis Kunth, probably based on Koeleria truncata (Muhl:} Torr. 
(2) 
Koeleria paniculata Nutt. Gen. Pl. 2 (Add. 2). (1818). East Florida, 
T. Say. Type in PH, photograph and fragment of type in US. (1) 
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Aira obtusa Raf. in Journ. de Phys. 89:104. (1819). Listed as a syno-
nym for Eatonia purpurascens. Either a change or an error for 
Aira obtusata Michx. (2) 
Reboules gracilis Kunth, Rev. Gram. ~:341. pl. 84. (1830). Type in B, 
fragment of type in US. (1) 
? Trisetum lobatum Trin. Acad. St. Petersb. Mem. VI Math. Phys. 
Nat. 1: 66. (1830). Lists Aira obtusata Michx. as a synonym. (2) 
Sphenopholis obtusata lobata (Trin.) Scribn. Rhodora 8:144. (1906). 
Trinom. Based on Trisetum lobatum Trin. (2) -
Sphenopholis obtusata var. lobata (Trin.) Scribn. in Robinson, Rhodora 
10: 65. (1908). Correction of trinom. Based on Trisetum lobatum 
Trin. (2) 
Graphephorum densiflorum Fourn. in Bull. de Soc. Bot. de France 24: 
182. (1877). Nom. nud. Bejar, Mexico (Texas), Berlandier 1617~ 
Type in W, fragmentcl type in US. (1) 
Eatonia densiflora (Fourn.) Fourn. Mex. Pl. 2:11. (1886). Based on 
~type of Graphephorum densiflorum Four-;. (1) 
Aira mexicana Trin. ex Fourn. Mex. Pl. 2:111. (1886). Listed as a 
--synonym of Eatonia densiflora Fourn. (4) 
Eatonia obtusata var . robusta Vasey ex L. H. Dewey, U.S. Nat. Herb. 
~trib. 2:544. (1894). Western Texas, Wallisville, Wallis in 1881, 
Type in US. (1) 
Eatonia obtusata var. robusta Vasey ex Rydberg, U.S. Nat. Herb. 
~trib. 3:190. (1895). Mullen, Neb. Rydberg 1807. Isotypes in NY 
and US. -(1) . 
Eatonia robusta (Vasey) Rydb., Torr. Bot. Club Bull. 32:602. (1905). 
~ed on E. obtusata var. robusta Vasey. (2) -
Sphenopholis-robusta (Vasey) Heller, Muhlenbergia .§.: 12. (1910). Based 
on Eatonia obtusata var. robusta Vasey. (2) 
Eatonia obtusata var. purpurascens Vasey ex Rydb. and Shear, U.S. 
Dept. Agr. Div. Agrost. Bull. 5:30. (1897). False Washita, Okla., 
Palmer 404, 1868. Type in US.- (1) 
Sphenopholis obtusata var. lobata forma purpurascens (Vasey) Waterfall, 
Rhodora 50: 93. (1948). Based on Eatonia obtusata var. purpurascens 
Vasey ex Rydb. and Shear. (2) 
Eatonia pubescens Scribn. and Merr. U .S. D. A. Div. Agrost. Cir. l:..._7:6. 
(1900). Starkville, Miss., Tracy. Type in US. (1) 
Sphenopholis obtusata pubescens (Scribn. and Merr.) Scribn. Rhodora 
~: 144. (1906). Trinom. Based on Eatonia pubescens Scribn. and 
Merr. (2) 
Sphenopholis obtusata var. pubescens (Scribn. and Merr.) Scribn. in 
Robinson, Rhodora 10:65. (1908). C orrection of trinom. Based on 
Eatonia pubescens Scribn. and Merr. (2) 
Sphenopholis pubescens (Scribn. and Merr.) Heller, Muhlenbergia .§.:12. 
(1910). Based on Eatonia pubescens Scribn. and Merr. 
Reboulea obtusata var. pubescens (Scribn. and Merr.) Farwell, Mich. 
Ac ad. Sci. Rpt. l_2: 181. ( 1916). Based on Eatonia pubescens Scribn. 
and Merr. 
Eatonia ~ Suksd. West. Amer. Sci. ~:50. (1906). Dalles on the 
Columbia River, Ore., Suksdorf 1553. Isotypes in US, ISC, UC, G, 
NY, F. (1) 
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Sphenopholis ~ (Suksd.) Heller, Muhlenbergia 6:12. (1910). 
Based on Eatonia annua Suksd. (2) -
Description 
Panicle very dense and spikelike, occasionally looser; internodes 
between spikelets on ultimate branches 0. 1-1. 5 mm long. Spikelets 
usually smaller than in var. major, (up to 3. 6 mm long); first glume 
0. 1-0. 4 mm wide; second glume width / length ratio. 33 -. 50, margins 
firm, keel and veins scabrous, apex strongly rounded; rachilla joint 
between florets 0. 3-0. 6 mm long; lemmas often scabrous. 
Observations and nomenclature 
The delimitation of the variety major automatically established vari-
ety obtusata which includes the type (Article 25, Lanjouw 1961). 
Western specimens of variety obtusata differ from those of the Mid-
west and East in their very dense spikelike panicles with scabrous 
branches, glumes, and lemmas. The spikelets are also larger and the 
second glume less strongly rounded than those of specimens from the 
Midwest and East. 
Some specimens of variety obtusata from the Caribbean , Mexico, and 
the Southwest resemble ~· nitida with their very wide first glumes. 
However , the panicle form and other features clearly separate these 
forms of variety obtusata from~· nitida. 
Cytology 
The author made over fifty mitotic chromosome counts from the root 
tip cells of plants grown from seed in the greenhouse, all indicating 
2N=l4. These are recorded in Table 2. One meiotic count from micro-
sporocysts yielded N=7 (Table 3). One count, 2N=l4, had been previously 
published by Brown (1950). 
Distribution 
S. obtusata var. obtusata is a grass of prairies, shallow marshes, 
and occasionally open forests. In drier regions it is usually restricted 
to streamsides or other moist sites. 
The distribution of the type variety of~· obtusata is distinctly south-
ern in c ontrast to variety major. Variety obtusata does not extend north 
of the prairies of southern Canada. It rarely occurs in the Great Lakes 
region, New England or the eastern mountains. It is most common 
in the Mid we st and South but extends westward to the Pacific Coast and 
southward into Mexico and the Caribbean. 
Rep re sentati ve specimens examined 
CANADA: British Columbia : Kamloops, J. Macoun, 29July1889 (US); 
Manitoba: Souris, B. Boiven and A.J . . Breitung 6595, 19 July 1949 (US); 
MEXICO: Baja California: Canyon del Diablo, 31°5 1N, ll5°23 ' W, K. 
L. Cham be rs 581, 15 June 1954 (UC); Coahuila: Diaz in the Rio Grande 
Valley, C.G. Pringle, 17 Apr. 1900 (CAS, MO, US, G, F, ISC); Durango: 
Durango, E. Palmer 255, June 1896 (US, G); Mexico D. F.: Xochimilco, 
A. S. Hitchcock 5893, 27-30 July 1910 (US); Puebla: Rancho Pasada G. 
Arsine, 20 May 1910 (US); Sonora: Alamos, E. Palme r, 16-30 Sept. 1890 
(US). 
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Table 2. Somatic chromosome numbers from root tip cells of Sphenopholis 
obtusata var . obtusata (all counts are 2N=l4). 
Author's 
collection 
number 
716 
719 
720 
722 
723 
724 
726 
727 
728 
7 31 
732 
740 
741 
744 
745 
747 
748 
7 50 
7 51 
752 
753 
756 
757,758 
763 
765 
766 
Author's 
voucher 
number 
1094,1095 
1098, 1099 
1100,1101 
1102,110 3 
1104,110 5 
1106,1107 
1110,1111 
1112,1113 
1114,1115 
1116, 1117 
1118 
1119,1120 
1121,1122 
112 3, 112 4, 1125 
1126,1127 
1128, 112 9 
11 30 
1131 
1132,1133 
115 3, 11 56, 1157 
1134,1135 
1136 
1137, 113 8 , 1139 
1145,1158 
1148, 114 9 
1150 , 1151 
Location 
Mississippi 
Wall Doxey State Park, Marshall Co. 
S side of Water Valley, Yalobusha Co. 
Roadside park, 1. 5 miles N of Vaidon on US 51, 
Carroll Co. 
5. 5 miles N of Ridge land on US 51, Madison Co. 
2 miles E of Bolvina on US 80, Warren Co. 
L ouisiana 
4 miles NW of Mound on US 80, Madison Par. 
5 miles E of Sicard on US 80, Richland Par . 
Ruston, Lincoln Par. 
2 miles E of Bossier Par. line on US 80, Webster Par. 
Texas 
5 miles E of Big Sandy on US 80, Upshur Co. 
2 miles E of Fruitvale on US 80, Van Zandt Co . 
5 miles W of Bills on US 82 , Grayson Co . 
1 mile N of Brookston on US 82, Lamar Co. 
O klahoma 
3 miles S of Grant on US 271, Choctaw Co. 
1 mile W of Ft. Towson on US 70, Choctaw Co. 
E side of Idabel on US 70, Mc Curtain Co. 
4 miles W of Mountain Fork River on US 70, 
McCurtain Co . 
Arkansas 
4 miles S of Gillham on US 71, Sevier Co. 
1 mile S of Wickes, Polk Co. 
SW side of Mina on US 71, Polk Co . 
3 . 5 miles N of Waldron on US 71, Scott Co. 
Cemetery, E side of Lincoln on US 62, Washington Co. 
8 miles E of Siloam Springs, Aik 68, Benton C o. 
Missouri 
Near Cartersville, Jasper Co. 
Roadside park N of Lamar on US 7 1 , Barton C o . 
1 mile S of junction w ith 52 on US 71, Bates Co. 
BERMUDA 
~ 
HISPANIOLA 
S. obtusoto var. obtusoto 
_Figur e 9 . Geographic distribution of Sph e nopholis obtusat a var. o btus ata . 
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CARIBBEAN: Hispaniola: Santa Domingo, E. L. Ekman 13868, 20 Oct. 
1 929 (US,G). 
BERMUDA: Warwick, R. B. Kennedy 139, 9 May 1929 (G). 
UNITED STATES: Alabama: Baldwin Co., Gateswood, S. M. Tracy 
8598, 2 May 1903 (SMU, NY, G, F, UC, US, WIS); Arizona: Cochise Co., 
Ft. Huachuca, E. Palmer 466, May 1890 (CAS, G, UC, US); Arkansas: 
Phillips Co., D. D emaree 19242, 29 May 1939 (UC, NY, MO, SMU); 
California : San Diego Co., E. Palmer 406, 1875 (NY, UC, F, G); Con-
necticut: Fairfield Co., E. H. Eames 11902, 16 June 1938 (CAS, NY, 
SMU, US, UC, WIS, F, G, ISC, TEX); Delaware: Sussex Co., L ewes, 
A. S. Hitchcock, Amer. Grass Nat. Herb. 645, 15 J une 1 905 (NY, UC, 
MO, US, G, F);Florida: Duval Co., A.H. Curtiss 3462, Apr . (UC,NY, 
MO,F,ISC, US); Iowa: Clay Co . , A. Hayden 112, 10 July 1935 (NY, US, 
ISC , UC, WIS); Kansas: Lawrence, W . C. Stevens 93, June 1892 (SMU, 
WIS,ISC,.G,US); Louisiana: Gretna, C.R. Ball 229, 4 May 1899 (CAS,NY, 
M O, US, G,F); Maine: South B e rwick, J.C. Parlin, 11July1891 (G,US); 
Minnesota: Rock Co., P. Johnson 33 9 , 18 June 1 941 (G, NY, ISC); Missis -
sippi: Biloxi, S. M. Tracy 4516, 22 Apr. 18 98 (NY, US, F); Montana: 
Townsend, C. L. Shear 390, 15 July 1895 (NY, US,G); Nevada: Clark C o . , 
I. W. Clokey 8284, 6 July 1939 (CAS, NY, US , SMU, TEX, WIS, G, ISC, UC, 
F); Elko, A.S. Hitchcock, Amer. Nat. Grass H e rb. 646, 2 Aug. 1914 (NY, 
US, UC,G,F); New Mexico: Dona Ana Co., Mesilla, E. 0. Wooton 37, 1 9 
June 1897 (NY, US, UC, G); North Carolina: Washington Co., R. K. Godfrey 
3894, 8 May 1938 (US, G); North Dakota: Richland Co., 0. A. Ste vens 379, 
29 July 1 938 (US, UC, WIS, ISC, G, F); Ohio : Erie Co. , E. L. Mosely, 28 
June 1 903 (F,G); Oklahoma: Woods Co., G. W. Stevens 743, 28 May 191 3 
(SMU, US,NY,G); Oregon: Deschutes Co., Paulina Lake, J.B. L eiberg 
546, 28 July 1874 (NY, US,G,F, U C); South Carolina: Florence Co., K.S. 
Erdman 926, 3 June 1963 (ISC); Texas: Abilene, S. M. Tracy 8101, 22 
May 1902 (MO,NY,F,G,TEX,US); Houston, E. Hall 780, 12 Apr. 1872 
(NY,F,G, US,MO); Virginia: Clarendon, S.F. Blake 10589, 8 June 1928 
(TEX, CAS , G) ; Washington, Yakima Co. , J.S. Cotton 733, 18 July 1902 
(MO,G, US). 
lB. SPHENOPHOLIS OBTUSATA VAR. MAJOR (Figs. 3, 11) 
Sphenopholis obtusata var. major (Torr.) Erdman comb.~· Based 
on Koeleria truncata var. major Torr. (1) 
Koeleria truncata var. major Torr. , Fl. North and Mid. U.S. _!: 11 7. 
(1 824). Deerfield , Mass., C ooley. Type in NY. (1) 
Koeleria p ennsylvanica var. major (T orr .) Torr., Fl. N . Y. ~:469. 
{1843). Based on~· truncata var : major Torr. (2) 
Reboulea pennsylvanica var. major (Torr.) A. Gray, Man. 591. 
(1848). Based on Koeleria pennsylvanica var. major Torr. (2) 
Eatonia p ennsylvanica var. major (Torr.) A. Grp.y, Man. ed. 2, 558. 
(1 856). Based on Koeleria pennsylvanica var. major Torr. (2) 
Sphenopholis pallens major (Torr.) Scribn., Rhodora ~:145. (1906). 
Trinom. Based on Koeleria truncata var. ma,.jor Torr. (2) 
Sphenopholis pallens var. major (Torr.) Scribn. ex Robinson, 
Rhodora .!_Q:65. (1908). Correction of trinom. Based on Koeleria 
truncata var. major Torr. (2) 
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Reboulea pallens var. major (Torr.) Farwell, Mich. Acad. Sci. Rpt . 
17:182. (1916). Based on "Koeleria tunicata var. major Torr." 
{;rror for truncata). 
Eatonia intermedia Rydb., Torr. Bot. Club Bull. 32:602. (1905). 
~t Gallatin Swamps, Mont., Rydberg 3174. ·Type in NY. (1) 
Sphenopholis intermedia (Rydb .) Rydb., Torr. Bot. Club Bull. 36: 
533. (1909). Based on Eatonia intermedia Rydb. (2) 
Vilfa alba Buckl., Phila. Acad. Nat. Sci. Proc. 14:89. (1862). Not 
-V. ilia Beauv. 1812. Type in PH, fragment and photograph of 
type in US. (1) 
Eatonia pennsylvanica var. 
U.S. Nat. Herb. 2:544 . 
Type in US . (1) -
longiflora Vasey ex L. H. D ewey, Contrib. 
(1894) . Houston, Texa s, Nealley in 1892. 
Eatonia longiflora (Vas ey) Beal, Grass es N. Amer. ~:494. (1896). 
Bas ed on~· pennsylvani ca va r. longiflora Vasey. (2) 
Sphenopholis pallens longiflora (Vasey) Scribn. Rhodora ~: 145. (1906). 
Trinom. Based on Eatonia pennsylvanica var. longiglora Vasey. (2) 
Reboulea pallens var. longiflora (Vas ey) Farwell, Mich . Acad. Sci. 
Rpt. _!_I: 182. (1916). Based on "Eatonia longiflora Beal" which is 
bas e d on ~· pennsylvanica var . longiflora Vasey. (2) 
Sphenopholis longiflora (Vas ey) Hitchc., Jour. Wash. Acad. Sci. 23: 
453. (1933). Bas e d on Eatonia pennsylvanica var. longiflora 
Vas ey . (2) 
Description 
Panicle loose, internodes between spikelets on ultimate branches 
from 1. 0- 3. 0 mm long. Spike lets highly variable in size, ranging from 
3. 0-5. 0 mm long; the first glume 1. 0 - 4. 0 mm long, usually subequal to 
the second glume but occasionally much whorter, 0. 1-0. 3 mm wide; 
second glume up to 4. 0 mm long, 0. 4-0. 8 mm wide, width/length ratio 
. 15 -. 32, margins membranaceous, apex blunt or acute; lemmas up to 
4. 4 cm long, rarely scabrous; rachille joint 0. 6-1. 2 mm long. 
Observations and nomenclature 
Torrey was the first taxonomist to recognize the chief variant form 
of~· obtusata. This he called Koeleria truncata var. major. He char-
acterized the variety as "panicle large, a little spreading, leaves broad, 
linear, very long, culms 3 ft. high, leaves nearly a foot long, 3-4 lines 
wide. Panicle 9-10 inches long ... (with) habit of Cinna arundinacea in a 
young state." (Torrey 1824). His type was a sheet in his herbarium col-
lected at Deerfield, Mass. by Cooley. It is now deposited in NY. The 
label reads Aira truncata Muhl. with the designation "var. major" below. 
The specim!'!n agrees exactly with the published description and location 
and I am designating this specimen as the type of Koeleria truncata var. 
major. 
The first glume of variety major may be rudimentary but usually it 
is at least half the length of the second. The width/length ratio of the 
second glume varies considerably, the lower ratios being those of large 
spikelet forms. 
In 1892 .G. C. Nealley collected a large flowered Sphenopholis near 
Houston, Texas. It was described in 1894 as Eatonia pennsylvanica var. 
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Figure 10. Intergradation between Spheno pholis obtusata var. major 
lower left (forme rly~· inte rmedia) and"~· longiflora" upper right. 
longiflora by Vasey (Dewey 1894). Later authors (Beal 1896, Hitchcock 
1935) raised it to the status of species. Spik elet size is the only signifi-
cant difference between Hitchcock's ~· longiflora and his ~· intermedia. 
Although ''~· longiflora' ' of Texas has the largest spikelets, there are 
numerous large-spike let forms of~· obtusata var. major in all parts of 
its range which intergrade completely with "~· longiflora. 11 Data sum-
marizing this generalization are presented in Fig. 10. O bviously "~· 
longiflora 11 cannot be separated on the basis of size from ~· obtusata 
var. major and I am considering it as an extreme form of that variety. 
C ytology 
There are three published chromosome counts, 2N= 14, for this vari-
ety, Nielsen and Humphrey (1937, "S. intermedia"), Gould (1 958), "S. 
longiflora" ), and Brown (1950, "~· int;rmedia") . Nielsen and Humphrey 
and Gould included camera lucida drawings of the chromosomes . 
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I made a numbe r of mitotic counts, all of whi ch agree with the p r e -
viously published counts. These are presented in Table 4 . 
Distribution 
S. obtusata var . major commonly grows in woodrands but occasionally 
it also occurs in prairies . It is most clearly distinguished from va r iety 
obtusata in e astern and northern United States. Variety major oc curs 
far to the north of the range of variety obtusata and has been collected at 
latitude 51 ° 31' North along Hudson Bay, and in northern British C o lumbia 
and Alaska . 
Table 4. Somatic chromosome numbers from root tip cells of Sphenoph-
olis obtusata va r. major (all counts are 2N=l4). 
Author ' s 
collection 
number 
709 
725 
760 
761,762 
764 
Authqr ' s 
voucher 
number 
10 92, 1093 
1108, 110 9 
1140' 1141 
1142 , 1143, 1144 
1146 , 1147 
Location 
Kentu cky 
. 5 mi l e N of Bardwell , Ca rlisle C o. 
Louisiana 
Roadside park 4 miles NW of Mound on 
US 8 0, Madison Par. 
Missouri 
1. 5 miles S of Lanagan on Mo. 56, 
McDonald Co. 
Near Cartersville , Jasper Co . 
R oadside park N of Lamar on US 71, 
Barton Co. 
Rep re sentati ve specimens examined 
CANADA: Briti'sh Columbia: Lillooet, J.M. Macoun 91567, 9 July 
1916 (US, NY, G); Newfoundland: Portau Port, M. L. Fernald and K. M. 
Wiegand 2567, 15 Aug. 1910 (NY,US,G); Nova Scotia: Victoria Co., W. 
G. Dore 931, 12 July 1940 (G); Northwest Territories: Mackenzie Dis-
tri ct , Great Slave Lake, J. W. Thieret 3884, 3 Aug. 1958 (F); Ontario : 
James Bay, A. Dutilly et al. 31011, 24 July 1953 (US); Bruce Peninsula, 
P. V. Krotkov 8734, 7 J~ly-1934 (NY, US); Saskatchewan: Bjordale, A.J. 
Breitung 12 99, 11 July 1941 (Wis, G). 
UNITED STATES: Alaska : Tanana River, A. S. Hitchcock 4508, 28-
29 July 1909 (US); Arizona: Ft. Apache, E. Palmer 577, June 1890 
(CAS, US,NY,G); Arkansas: Drew Co., D. Demaree 21131 (ISC,NY); 
Colorado: Gunnison, C.F. Baker 524, 24July 1901 (NY,US,UC , G); 
Georgi a: LaGrange, S.M. Tracy8863, 16May 1905 (F,G,WIS,MO,NY, 
US); Illinoi s: Stark Co., V. H. Chase, Amer. Grass Nat. Herb. 643, 
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NEWFOUNDLAND 
S . obtusata var. major 
Figure 11. Geographic distribution of Sphenopholis obtusata var. major. 
11June1905 (NY ,UC,F,G ,US,MO); Indiana: Indianapolis, R.C. Fries-
ner 9622, 28 May 1936 (ISC, UC, TEX, SMU, NY, CAS) ; Iowa: Delaware 
Co., K.S. Erdman 800, 12 July 1962 (ISC); Louisiana: Gretna, C.R. 
Ball 340, 4 May 1899 (F, G, NY, CAS); Maine: Aroostook Co., Orono, M. 
L. Fernald 185, 4 July 1893 (MO, F, NY, G, U C, US); Missouri: Allenton, 
G. W. Letterman, 24 May 1898 (NY, M O , TEX, F, ISC); Nevada: Elko Co., 
A. A. Heller 9540A, 21 Aug. 1908 (US); North Carolina: Transylvania 
Co., K. S. Erdman 97 9, 6 June 1963 (ISC); North Dakota: Richland Co., 
O. A. Stevens 429, 29 June 1939 (MO, F, UC); Pennsylvani a: Lancaster 
Co. , A. A. Heller 4807, 31 May 1901 (G, US, NY); Texas: Anderson Co., 
Palestine, G. C. Nealley (NY, US); Vermont: Westmore, R. Jones 2178, 
11-12 July 1900 (G, NY); Virginia: Arlington Co., A. S. Hitchcock, Amer. 
Grass Nat. Herb. 644, l June 1905 (US, NY, UC, G, F); Washington: Cali-
spell Lake, F. O. Kreager 358, 30 July 1902 (NY, US, UC, G); We st Vir-
ginia: Monogalia Co., H. A. Davis 6033, 1 June 1944 (G, NY, SMU); Wis-
consin: Lincoln Co. , F. C. Seymour 14462, 21 July 1952 (WIS, ISC, SMU). 
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2. SPHENOPHOLIS OBTUSATA X SPHENOPHOLIS PENSYLVANICA 
(Figs. 12, 13) 
Aira pallens Biehler, Pl. Nov. Herb. Spreng. Cent. 8. (1807). 
Pennsylvania by Muhlenberg. (2) 
315 
Aira pallens Muhl. Cat. Pl. 11. (1813). Nam. Nud. · Description in 
Muhl. Descr. Gram. 84. (1817). Type sheet 129 in PH, fragment 
of type in US. (1) 
Eatonia pallens (Spreng.) Scribn. and Merr., U.S. Dept. Agr. Div. 
Agro st. Circ. 27:7. (1900). Based on Aira pallens Biehler but 
erroneously attributed to Sprengel. Type of-!:· pallens Biehler 
considered to be from the type material of-!:· pallens Muhl. (2) 
Sphenopholis pallens (Spreng.) Scribn., Rhodora ~:145. (1906). 
Based on Aira pallens Biehler but erroneously attributed to 
Sprengel. Misapplied by Scribner to S . . intermedia, correctly 
applied by Hitchcock, Man. 281. (193S). (2) 
Sphenopholis pallens (Biehler) Scribn. in Fernald , Rhodora 47:198. 
(1945). Based on Sphenopholis pallens (Spreng. ) Scribn. (2) 
R e boulea pallens (Spreng.) Farwell, Mich. Acad. Sci. Rpt. !_I:l81. 
(1916). Based on Aira pallens Biehler but erroneously attributed 
to Sprengel. (2) 
Aira controversa Steud., Syn. Pl. Glum. 1 :22 4 . (1854). Ohio, 
--Cincinnati, Miami. Type in P, fragme;t of type in US. (1) 
Aira capillacea Frank in Steud. S yn . Pl. Glum. 1 :224. (1854). 
Listed as a synonym of-!:· controversa Steud. (4) 
Description 
Panicle loose, inte rnode length between spikelets on ultimate branches 
1. 5-3. 0 mm. Spikelets 3. 0-5. 0 mm long, 2-3 flowered; first glume 
2. 1-3. 8 mm long, 0. 2-0. 5 mm wide; second glume 2. 2-4. 0 mm long, 
0. 8-1. 0 mm wide, width/length ratio . 20 -. 33, apex blunt, margins 
scarious. First floret borne on a rachilla joint less than 0. 3 mm long, 
second floret borne on a pubescent rachilla joint 0. 7-1. 2 mm long; first 
lemma shorter, scaberulous, always awned; awn 0. 1-3. 5 mm long, 
straight or bent. 
Observations and nomenclature 
Taxonomists suspected as early as 1884 that hybridization occurred 
between Sphenopholis obtusata and ~· pensylvanica, then known as Tri-
~ palustre. In that yea r Vasey gave a paper detailing a discovery 
he had made. 
"In a low meadow on the banks of Hunting Creek near where it 
empties into the Potomac River, a mile below Alexandria, Va., 
I found the present season, Tris etum palustre (now Sphenopholis 
pensylvanica) and Eatonia pennsylvani ca (probably E· obtusata var. 
major). I was surprised and puzzled also by finding growing with 
these grasses another, which was evidently intermediate between 
them .... 11 
Vasey 1 s conclusion that these specimens represented hybrids was 
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supported by Seri bner (1884) and later accepted by Beal (18 96) who pub-
lished "Eatonia hybrida Vasey." However, Beal's type material was 
actually an awned specimen of e.: filiformis, certainly distinct from 
Vasey's Hunting Creek specimens. The majority of later taxonomists 
rejected~· hybrida and ignored Vasey's claims. However, Pohl (1947) 
suggested that_.§. pallens as defined by Hitchcock w as a hybrid between 
"Trisetum pensylvanicum and Sphenopholis. ' ' 
When Vasey first published his report of hybridization, he also re-
ferred to a specimen sent to him by A. H. Curtiss, collected in South 
Carolina as being almost identical in hybrid form (Vasey 1884). Actually 
the Curtiss specimen (later the type of Eatonia aristata Scribn. and 
Merr. 1900) is an awned form of S. filiformis and identical to the type 
of~· hybrida Vasey in Beal (18 96). 
Recently Terrell (1963) discovered a "mixed population of .e_. obtusata 
and '!: pensylvanicum" in Tyrrell Co., North Carolina. He observed a 
large number of intermediate forms and made several mas_s collections. 
I borrowed and analyzed one mass collection. The data obtained are 
given in Fig. 14. It is apparent that the two species have hybridized . The 
hybrids are intermediate in all aspects. The presence of short awns 
particularly distinguishes them from either parent. All the florets of 
the hybrids appeared to be sterile. Possible hybrid seed from ~· ~­
sylvanica specimens from Terrell's collection produced three albino 
seedlings indicating considerable genetic disturbance. 
I have observed a number of herbarium specimens similar to those 
represented in Terrell's hybrid population. In Fig. 15 these are com -
pared with type specimens and Terrell's mass collection. The correla -
tion in all cases is striking and indicates that hybridization occurs aver 
a considerable area of the ranges of the species. 
In 1807 Biehler, a student of Sprengel, described Aira pallens based 
on material sent by Muhlenberg from Pennsylvania. While Biehler's 
specimen is not available, it is highly probable that a specimen in the 
same type collection was used by Muhlenberg (1813) for his Aira pallens 
which he published as a nomen nudum. He published his description in 
1817. It is likely that Muhlenberg was simply using Biehler's name but 
nowhere does Muhlenberg attribute it to him or to Sprengel who later 
erroneously received credit for it. Muhlenberg's type specimen is sheet 
129 marked on the cover list as var. aristata. On this sheet are two 
different entities. One specimen is~· pensylvanica and the other small -
er awned form is the basis of Muhlenberg' s A. pallens. The type speci -
men, located in PH, is similar in all its features to the Terrell hybrids. 
In 1900 Scribner and Merrill published Eatonia pallens using sheet 
12 9 from Muhlenberg' s he rbarium as the type . This species included 
the material that Vasey had reported as hybrids. When Scribner created 
the genus Sphenopholis (1906), he published ~· pallens but enlarged the 
species limits to include''.§· intermedia" specimens. Hitchcock (1935) 
recognized this error and correctly restricted the name~· pallens to the 
awned form. This species is actually the hybrid between~· obtusata and 
S. pensylvanica. 
Hitchcock (1935) lists Aira controversa Steud. 1854 as a synonym of 
S. intermedia. I found the type fragment to be identical with the Terrell 
hybrids. Therefore, this name should be in the synonymy of the hybrids. 
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Figure 12. Spikele ts from the Te r r e ll mass collection. 
A. Sphenopholis obtusata . B -C. Hybrids, S . obtusata X 
~· pensylvanica . D. ~· p e nsylvanica . 
3 17 
' 
Figure 13. Specimens from the Terrell mass colle ction. A-E. Inflorescences. A. Sphenopholis obtusata . 
B-C. S. obtusata X §_. pensylvanica. D-E. §_. pensylvanica. F. Complete culms of S. obtusata 
X §_. pensylvanica. 
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Figure 14. Terrell mass collection Sphenopholis obtusata (circles witl 
black centers), and hybrids (circles with half black centen 
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S. OBTUSATA S PENSYLVANICA 
WIDTH I LENGTH RATIO-SECOND GLUME 
50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 % 
MASS COLL. 
HERB . 
xx xx xx x xx 
• - • P CH • • • • • 
1.4 1.8 2.2 2.6 3.0 3.4 3.8 42 4.6 5.0 54 5.8 62 6.6 7.0 7.4 7.8 8.2 8.6 9.0 MM. 
SPIKELET LENGTH 
- x xx xxxxxxx MASS COLL. 
HERB . 
ex XPXXXXX H --------------
FIRST GLUME LENGTH 
MASS COLL. - X X XXXXX X X 
HERB . - X CXPXXXXXHX 
SECOND GLUME LENGTH 
MASS COLL. - X XXXXXXXXX 
HERB . 
---i:Cml-•XXXXPXXXXH _________ _ 
FIRST LEMMA LENGTH 
- x xxxxxxxx x MASS COLL. 
HERB . 
----1,!;C;mx X PXXXXXXH _________ _ 
H= HUNTING CREEK SPECIMEN 
X= HYBRID SPECIMEN 
HERB. = HERBARIUM SPECIMENS 
P= TYPE OF AIRA PAL LENS 
C= TYPE OF AIRA CONTROVERSA 
MASS COLL.=TERREL MASS COLLECTION 
<'igure 15. Comparison of the Terrell mass collection of Sphenopholis 
obtusata, ~: pensylvanica, and hybrids with herbarium and 
type specimens. 
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3. SPHENOPH OLIS FILIFORMIS (Figs. 16, 1 7) 
Sphenopholis filiformis (Chapm.) Scribn. Rhodora ~:144. (1906). 
Based on Eatoni a pennsylvanica var. filiformis Chapm. (2) 
Eatonia pennsylvanica va r. filiformis Chapm., Fl. South. U.S. 560. 
(1860). Florida, Chapman. Type in US. (1) 
Eatonia filiformis (Chapm. ) Vasey, Bot. Gax. 11:117. (1886). Based 
~· pennsylvanica var. filiformis Chapm.- (2) 
Reboulea filiformis (Chapm.) Farwell, Mich. Acad. Sci. Rpt. 17:182. 
(1916). Based on Eatonia pennsylvanica var. filiformis Chapm. (2) 
Eatonia aristata Scribn. and Merr . , U.S. Dept. Agr. Div. Agrost. 
Cir. 27:7. (1900) . S outh Carolina, Curtiss in 1875 . Type in US. 
(1) -
Trisetum aristatum (Scribn. and Merr.) Nash in Small, Fl. SE U .S. 
1 30 . (1 903 ). Based on Eatonia aristata Scribn. and Merr. (2) 
Sphe nopholis ar istata (Scribn. and Merr.) H e ller , Muhlenbergia .§.:12. 
(1910). Based on Eatonia aristata Scribn. and Merr. (2) 
Eatonia hybrida Vasey ex Beal, Grass e s N. Amer. ~:4 9 1. (1 896). 
Type in US . (1) 
Description 
Plant s l ender, tufted, usually perennial; culms 20-100 cm tall, usually 
35 -7 5 cm tall; lower portion of culms, sheaths, and leaves often finely 
pubescent; l ower leaves with very short sheaths, 1-3 cm long and blades 
up to 45 cm long, very narrow, usually less than 2 mm wide, margins 
strongly involute; upper leaves w ith longer sheaths and much shorter 
blades, uppermost blade often 2-3 cm long. Panicle slender, narrow, 
somewhat loose but ascending, branches few ; internode distance between 
spikelets on ultimate branches 1. 0-3 . 5 mm. Spikelets usually 3. 0-4. 0 
mm l ong, 2-3 flowered; glumes spreading at matu rity, first glume nar-
row, usually less than 0. 2 mm wide ( r a r e l y 0. 3 -0. 4 mm), 1. 1-2. 5 mm 
long; second glume much wider than the first, 0. 5-0. 8 mm wide, usually 
longer than the first but o cca s i onally equal, 1. 5-3. 5 mm long, truncate 
at the apex , keel o ccasionally s c abrous towards the apex. First floret 
sessile, second floret borne on a rachilla joint 0. 6-1. 1 mm long, minute -
ly pubescent; fi r st lemma oval, acute or awne d, 1. 8 - 3. 2 mm long, scab -
erulous toward the apex; second floret shorter, s caberulous, occasionally 
awned. 
Ob servations and nomenclatu r e 
This spe cies is distingui she d by its striking leaves which often a lmost 
equal the culm in length. It o ccurs commonly in the pine or pine- broad-
leaf woodlands of the c oastal p lain and pi e dmont of southeastern United 
States. It is also found along roads, railroads , in clearings and meadows . 
It is almost always r estricted to sandy soil. 
This species is the first Sphenopholis to bloom in the South, beginning 
early in March in Florida and along the Gulf Coast. Farther north the 
blooming p eriod extends into May . 
~· fi liformis was first described as a va ri ety of E atonia p e nnsylvanica 
by Chapman (1 86 0) on the basis of it s distinctive leaves. Later it wa s 
recognized as a species by Vasey (1886). Othe r botanists have followe d 
Vasey' s treatment. 
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B 
Figure 16. Sphenopholis filiformis. 
A. Plant habit. B. Inflorescence. C. Spikelet. 
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S. filiformis 
~ -· · 
Figure 1 7. G eographic distribu tion of Sphe nopholis filiformis. 
Awned forms have been found and d es cribed as species (Eatonia aris-
tata and~· hybrida, Fig. 20). Thes e might be hybrids between ~· fili-
formis and~· pensylvanica. 
Cytology 
There are no previou sly puhlished chromosome counts for S. fili-
formis. My counts are presented in Table 5. 
Table 5. Somatic chromosome numbers from root tip cells of Spheno-
pholis filiformis (all counts are 2N=l4). 
Collecto r Author's 
and 
number 
Pohl 9235 
Pohl 9228 
voucher 
number 
1086, 1087, 1161 
1088, 1089 
Location 
1. 2 miles E of intersection with 98 on 
U.S. 90, Baldwin Co., Ala . 
. 6 mile E of Bay Co. line on Fla. 20, 
Calhoun Co. , Fla. 
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Distribution 
S. filiformis is widely distributed throughout the coastal plain and 
lower piedmont of southeastern United States from southern Virginia to 
Texas. A few plants have been collected in Tennessee. 
Representative specimens examined 
UNITED STATES: Florida: Lake Co., G. V. Nash 262, Mar. 1894 (NY, 
US,MO,UC,G); Duval Co ., A.H. Curtiss 3463, Apr. (ISC,US,NY,G,UC, 
F); Jackson Co., R. W. Pohl 9230, 17 Apr. 1962 (ISC); Georgia: Scre ven 
Co., A. Cronquist 5037, 18 Apr. 1 948 (US,MO,SMU,G,NY); Louisiana: 
Rapides Par. L. H. Shinners 27950 (SMU); Missis .sippi: Sampson Co., 
Saratoga, S. M. Tracy 8599 (US, G, MO, WIS, F, NY); South Carolina: Sum-
ter Co., A. S. Hitchcock, Amer. Grass Nat. Herb. 640, Apr. 1903 (US, 
F, UC, G, NY); Tennesses: Van Buren Co., H.K. S"'."enson 10167, 17 May 
1939 (G); Texas: Tyler Co., G. C. Nealley 23, 21 Apr. 1892 (US, MO, G, 
NY, TEX); Virginia: Nansemond Co., M.L. Fernald and B. Long 11747, 
10 May 1940 (F, G, SMU, WIS). 
4. SPHENOPHOLIS NITIDA (Figs. 1 8, 1 9) 
Sphenopholis nitida (Biehler) Scribn. in Fernald Rhodora_.±:?: 1 98 . 
(1945). Based on Aira nitida Biehler but originally attributed to 
Sprengel erroneously by Scribner. (2) 
Aira nitida Biehler Pl. Nov. Herb. Spreng . Cent. 8. (1807). Penn-
sylvania, Muhlenberg. Type in B, photograph of type in US. (1) 
Eatonia nitida (Spreng.) Nash, Torr. Bot. Club Bull. 22:511. (1895). 
Based on Aira nitida Biehler but erroneously attributed to Sprengel. 
(2) ---
Sphenopholis nitida (Spreng.) Scribn., Rhodora ~:144. (1906). Based 
on Aira nitida Biehler but erroneously attributed to Sprengel. (2) 
Rebou~nitida (Spreng.) Farwell, Mich. Acad. Sci. Rpt. 17:181. 
(1916).~sed on Aira nitida Biehler but erroneously attributed to 
Sprengel. (2) -- ---
Aira mollis Muhl. Cat. Pl. 11. (1 8 13). Norn. nud. Description given 
~Muhl. Descr. Gram. 82. (1817). {Not A.~ollis Schreb. 1771). 
Type in PH, fragment and photograph of type in US. (1) 
Aira mollis (Muhl.) Ell. in Chapman Fl. South. U.S. 560 . (1860). 
Listed as a synonym of Eatonia pennsylvanica ·.and attributed to 
Elliot Bot. S. C. and Ga . .!_: 154. ( 1816). In this volume Elliot 
refers to the nom. nud . of Muhlenberg and gives his own descrip-
tion. (2) - -
Eatonia dudleyi Vasey, Bot. Ga z. _!_!.:116. (1886). Ithaca, N. Y., 
Dudley 1882. Type in US. (1) 
Eatonia glabra Nash, in Britton. Man. 1043. (l 9pl). Tenn., Madison 
Co. , by Bain 507. Type in NY, photograph and fragment of type in 
us. (1) 
Sphenopholis nitida glabra (Nash) Seri bn. , Rhodora ~: 145 . (190 6). 
Based on Eatonia glabra Nash . Trinom. (2) 
Sphenopholis nitida var. glabra (Nash) Scribn. ex Robinson, Rhodora 
l._2:65. (1908). Based on Eatonia glabra Nash. Correction of 
Trinom. (2) 
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Sphenopholis glabra (Nash) Heller, Muhlenbergia 6: 12. (1910). 
Based on Eatonia glabra Nash . (2) -
Reboulea nitida var. glabra (Nash) Farwell, Mich. Acad. Sci. Rpt. 
_!_I: 181. (1916). Based on Eatonia glabra Nash. (2) 
Aira pensylvanica Spreng. in Mem. Acad. St. P etersb. ~:299, pl. 7. 
(1808). (2) 
Koele ria pennsylvanica (Spreng .) DC. , Cat. Hort. Monsp. 11 7. (1813). 
Based on Aira pensylvanica Spreng. 
Trisetum pennsylvanicum (Spreng.) Trin. in Mem. Acad. St. Petersb. 
VI. Math. Phys. Nat. .!_:66. (1830). Based on Aira pensylvanica 
Spreng. (Not I· pennsylvanicum (L.) Beauv. ex Roem. and Schult. 
1817). (2) 
Glyce ria pensyl vanica (Spreng.) Hehnh. Nom . .!_: 361. (1840). Based 
on Aira pensylvanica Spreng. (2) 
Reboulea pennsylvanica (DC.) A . Gray, Man. 591. (1848). Based on 
"Koeleria pennsylvanica DC. 1 1 w hich is based on Aira pensylvanica 
Spreng. (2) 
Eatonia pennsylvanica (DC.) A . Gray, Man . ed. 2 . 558. (1856). 
Based on 11 Koeleria pennsylvanica DC. 11 which is based on Aira 
pensylvanica Spreng. (2) 
D e scription 
Plants slender, tufted, leafy at base, 30-70 cm tall; leaf blades short, 
few small leaves (less than 3 cm long) on upper culm; blades, sheaths, 
and culms often pubescent but occasionally glabrous. Panicle open, lax, 
relatively few flowered, branches whorled, several at a node. ascending, 
internodes between spikelets on ultimate branches 1. 0-5. 0 mm long; 
spikelet pedicels 0. 2-1. 5 mm long. Spikelets 2. 5-4. 0 mm long, 2-3 
flowered; glumes nearly equal in length (1. 5-3. 5 mm long); first glume 
wider than in other species, 0. 2-0. 5 mm and 1/ 3-2 / 3 the width of the 
second glume, keel scabrous towa rd apex, margins scarious, apex blunt; 
second glume 0. 5-1. 0 mm wide, widest near the blunt apex, keel some-
what scabrous towards apex. First floret sessile, second floret borne 
on a pubescent rachilla joint 0. 7-1. 0 mm long; lemmas oval, blunt to 
acute, rarely short-awned, awn arising just below apex; first lemma 
usually 2. 0-3. 5 mm long, smooth to scabrous ; second lemma smaller, 
very scabrous, disarticulating early . 
Observations and nomenclature 
Sphenopholis nitida is a common grass of coniferous and hardwood 
forests of the eastern United States. It thrives in a variety of habitats 
from the coastal plain to the summit of the Blue Ridge where it has been 
collected at 4000 ft. It is found commonly along streams and paths. 
Occasionally it can be found in old fields and meadows. 
~· nitida blooms in the early spring (March) in the southern part of 
its range and continues blooming in the north until midsummer. 
This species is distinguished by its broad first glume, very scabrous 
second floret and narrow, loose panicle. Its foliage is distinctive be-
cause of the short, often pubescent leaf blades. 
S. nitida was first described by Biehler in 1807 as Aira nitida but his 
na~e ~sed a few months later by Sprengel in his Mantissa Prima 
(1807) who thereafter received credit for it (Fernald 1945). 
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D 
Figure 18. Sphe nopholi s nitida . 
A. Plant habit. B . Inflore scence. C. Florets. D. Spikele t. 
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• 
S. nitida 
Figure 19. Geographic distribution of Sphenopholis nitida. 
In 1817 Muhlenberg published the description for Aira mollis which 
he had previously published as a nomen nudum in 1813. The type speci-
men is a typical example of Sphe~is nitida. Elliot (1816) published 
his own description of Muhlenberg' s ~n nudum based on a specimen 
collected in Athens, Ga. , by Green. 
Vasey described Eatonia dudleyi in 1886 but it is identical with E· 
nitida. Nash (Britton 1901) e levated the glabrous form to rank of species 
(~: glabra) but the degree of pubescen ce in Sphenopholis is not a suffi -
ciently consistent character to be used as the criterion for taxonomic 
entities. 
In 1808 Sprengel described Aira pensylvanica. His description is 
vague and the type has not been located. It is probable that this species 
is a synonym of Aira nitida, however, for Sprengel himself listed~·~­
sylvanica as a synonym on the type sheet of A. nitida in his he rbarium. 
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The name, !:· nitida, however, was overlooked for many years and bot-
anists used!:· pensylvanica instead. Becaus e the type was unavailable 
considerable confusion arose over the application of the name. None of 
the descriptions accompanying the various new combinations clearly 
define the species limits. It appears that by the time Gray published 
Eatonia pennsylvanica in 1856 that S. obtusata var. major was included 
within that species. 
Cyto logy 
There are no previously published chromosome counts of S. nitida. 
My counts are pres e nted in Table 6. 
Table 6. Somatic chromosome numbers from root tip cells of 
Sphenopholis nitida (all counts are 2N=l4). 
Author's Author ' s 
collection 
number 
706 
718 
voucher 
number 
1090,1091 
10 96' 10 97' 115 9 
Distribution 
Location 
. 5 mile E of US 67, T34N R7E SS, 
St. Francois Co., Mo. 
Wall Doxey State Park, Marshall Co., 
Miss. 
~· nitida is a widespread species in the eastern United States from 
the Atlantic and Gulf coasts into the lower Mississippi Valley. It is 
uncommon in the Great Lakes r e gion and the Appalachians . I have ob-
served several specimens purportedly from the Keweenaw P eninsula of 
northern Michigan, North Dakota, and C alifornia . These sites are far 
beyond the range of the species and the specimens may represent intro-
ductions or errors in locality data. These specimens are not included 
on the distribution map of~· nitida. 
Representative specimens examined 
CANADA: Ontario: Niagara, J. Macoun 10639, 26 June 1892 (NY, G). 
UNITED STATES: Arkansas: Garland Co., Hot Springs, F. J. Scully 
634, 1 7 Apr. 1936 (US); Connecticut: Litchfield Co. , Salisbury, J. R. 
Churchill, 1 June 1902 (G, M O) ; Florida: Columbia Co., Lake City, A. 
S. Hitchcock 1030, 16 Apr . 1906 (US); Georgia: De Kalb Co., A. S. Hitch-
cock, Amer. Grass Nat. Herb. 642, 1 May 1906 (SMU, UC, F, US, NY, 
CAS); Illinois: Alexander Co., K. S. Erdman 708, 26 May 1962 (ISC); 
Indiana: Brown Co., J.E. Potzger 7889, 7-8 May 1938 (CAS, TEX); Mas-
sachusetts: Norfolk Co., Milton, G. G. Kennedy, 31 May 1899 (G, WIS); 
Missouri: Bollinger Co., J. A. Steyermark 28408, 26 Apr. 1951 (F, G); 
New Jersey: Morris Co., G. V. Nash, 4 June 1891 (G, UC, NY): New York: 
Yates Co., Pen Yan, Sartwell (MO, US, NY, G); North Carolina: Biltmore, 
Biltmore Herbarium 18b, 3June 1897(NY,US,SMU,G,F,WIS,UC); Ohio: 
Scioto Co. , D. Demaree 10641, 16 May 1934 (SMU, US, MO); Virginia: 
Botetourt Co. , J. K. Small, 1 7 May 18 92 (US, F, G, US, NY). 
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5 . SPHENOPHOLIS PE NSY LVANICA (Figs. 20,21) 
Sphe nopholi s p e nsylvanica (L.) Hitch. Amer. J our. Bot. 2: 304. 
(1 9 15) . Bas e d on A v ena p e nsylv anica L. (2). 
A vena p e nsylvanica L. Sp. Pl. 79. (1753). P e nnsylvania, Kalm. 
Type in LINN, Microfiches in ISC. (1) 
A vena p e nnsylvanica Muhl. D e scr. Gram. 1 85 . (1817). Probabl y the 
same as!: · p e nsylvanica L. but Muhlenberg does not cite Linnaeus . 
(2) 
Tris e tum p ennsylvanicu m (L.) B e auv. ex Roem. and Schult. Syst. 
V e g. ~ : 658. (1817). Based on Avena pensylvanica L. (2) 
Arrhe nathe rum pennsylvanicum (L . ) Torr. Fl. North. and Mid. U.S . 
.!_:1 30 . (1824). Bas e d on A ve na pensylvanica L. (2) 
Arrhe nathe rum ken tuckens is Torr., Fl. North. and Mid. U.S. 1 :1 3 1. 
(1 8 24) . (2) 
Ave na palustris M1chx . Fl. Bor . Amer . .!._: 72. (1802). Carolina and 
G eo rgia, Michaux . T ype in P , fragment and photograph of type in 
us. (1) 
Trisetum p a lustr e (M ichx .) Torr. Fl. North. and Mid. U.S. 1: 1 31. 
(1 8 24). Bas e d on Avena palus tris Mi chx . (2) 
Sphe nopholis palustris (Michx. ) Scribn., Rhodora ~: 145. (1906). 
Based on Avena p alustris Mi c hx. (2) 
Tris e tum ludovicianum Vas ey , T o rr. Bot. C lub Bull. 12:6. (1 88 5). 
Pointe a la Hache, La. , Langlois . Type in US. (if 
Air a palle ns var. aristata Muhl. Ell. , Bot . S. C. and Ga . .!._: 151. 
(1816). Type in PH , fragment in US. (1) 
Sphenopholis palustris flexuosa Scribn. Rhodora ~:145. (1906). 
Trinom. Wilmington, Del. , C ommons 274. Type in US. (1) 
Sphe nopholis palustris var. flexuosa Scribn. ex Robinson, Rhodora 
~:65. (190 8 ). C o rr e ction of trinom. Based on_§. palustris 
flexuosa Scribn. (2) 
Sphenopholis p ennsylvani ca var . flexuosa (Scribn.) Hubb. 
18:234. (1916). Based on S. palustris fl exuosa Scribn. 
D es cription 
Rhodora 
(2) 
Plants robust to slender, culms 30 -120 cm long; lower sheaths and 
blades occasionally pubescent, blades up to 20 cm l ong, usually less than 
10 cm long, 1. 0-7. 0 mm wid e; panicle loose, e rect to nodding, slender 
but wider than in other species, 7-35 cm long; spikelets highly v ariable 
in size, 5. 0-9. 5 mm long, 2 - 3 flowered; glumes subequal in length, oc-
casionally subequal in width; first glume 3. 5-5. 5 mm long, 0. 3-1 . 0 mm 
wide, often 3-nerved, scabrous on keel, margins scarious, apex acute 
to mucronate; second glume 3 . 8 -6. 2 mm long, 0. 7-1. 1 mm wide, width/ 
length ratio. 15 -. 25, lateral veins prominent, keel scabrous, margins 
scarious, apex acute to mucronate; first floret borne on a short rachilla 
joint O. 4 -1. 0 mm long, second floret borne on rachilla joint 1. 0-2. 1 mm 
long, pubescent (hairs up to O. 8 mm long); first flor e t 3. 9-7. 2 mm long, 
glabrous except for scaberulous apex, apex acute to mucronate or bear-
ing an awn slightly b e low the tip, awn 0. 4-2. 5 mm long, usually straight 
if less than 1. 0 mm, bent if longer, second floret 3. 6-6. 5 mm long, 
scabrous, always bearing a long bent awn, 3. 5-7. 0 mm long; third floret 
w hen present, smaller, awned. 
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Figure 20. Awned forms of Sphenopholis. A-C. S. pensylvanica. 
A. Spikelet. B. Florets. C. Short awned form. 
D. S. filiformis. E. S. nitida. 
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S. pensylvanica 
Yigure 21. Geographic distribution of Sphenopholis pensylvanica. 
Observations and nomenclature 
.e_. pensylvanica grows in marshy habitats in the eastern United States. 
It is occasionally found along streams, in poorly drained sites, meadows, 
and moist woods. 
This species was described by Linnaeus as Avena pensylvanica. Beau-
vais (1812) placed it in Trisetum. In 1803 Michaux described!::· palustre 
which was conspecific with !::· pensylvanica. Linnaeus 1 name, however, 
was overlooked for many years and the grass was known as Trisetum 
palustre (Michx.) Torr. (1824). 
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When Scribner created the genus Sphenopholis, he considered the 
disarticulation of the spikelets below the glumes as the most important 
characteristic separating his genus from Trisetum. Therefore he trans-
ferred three species which had this type of disarticulation, I· palustre, 
I· interruptum, and!: hallii to Sphenopholis. Hitchcock pointed out in 
1915 that the name "pennsylvanica" preceded that of palustris and there-
fore the correct name would be "~· pennsylvanica. 1 1 He erred, however, 
in not using the Linnaean spelling of the name. 
In 1935 Hitchcock transferred ~· pennsylvanica, ~· interruptum, and 
~· hallii back to Trisetum. He disagreed with Scribner concerning the 
importance of the type of disarticulation and felt that other morphologi-
cal features such as awns, 1 1 r elatively thin lemmas, 1 1 and 1 1glumes alike 
in shape" indicated that these species should best be associated with 
Trisetum (Hitchcock 1936). 
I could not substantiate Hitchcock 1 s observation concerning the thick-
ness of the lemmas. Ther e is considerable va riation in size and shape 
of the glumes of ~· pensylvanica; only in the largest spikelets do the 
glume s approach Hitchcock 1 s 11 alike in shape." All species of Sphenoph-
olis occasionally have awned forms. Therefore, the disarticulation of 
the spikelets remains the most important single generic feature of 
Sphenopholi s. 
Further convincing evidence for the transfer of I · pensylvanicum to 
Sphenopholis lies in the hybridi zation which commonly occurs between 
this species and other species of Sphenopholis. This is discussed in the 
taxonomic treatment of~· obtusata X ~· pensylvanica. 
Although_'.!· interruptum (now including_'.!· hallii) resembles Spheno-
pholis in its mode of disarticulation, _'.!· interruptum appears to be more 
closely allied to Trisetum. Even its mode of disarticulation is peculiar 
for there are no pedicel stubs left on the inflorescence after the spikelets 
have fallen. This is in striking contrast to species of Sphenopholis in 
which the lower portion of the prominent pedicel remains on the plant 
after disarticulation. Further study is needed to clarify the position of 
_'.!. inte rruptum. I do not feel that there are sufficient data at this time 
to support a transfer of this species to Sphenopholis. 
Cytology 
There are no previously published chromosome counts of S. ~­
vanica. My counts are presented in Table 7. 
Table 7. Somatic chromosome numbers from root tip cells of 
Sphenopholi s pensylvanica (all counts are ZN= 14). 
Collector 
E. E. Terrell 
mass collection 
3658 
Author's 
voucher 
number 
1377, 1378, 
1379, 1380 
Location 
On route 94 to Gum Neck, 
Tyrrell Co., N. C. 
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Distribution 
S. pensylvan1ca is fairly common in the eastern mountains and along 
the Atlantic and Gulf coasts to Louisiana. It is rarely found west of the 
Mississippi or north of the Great Lakes . 
I observed two specimens with questionable locality data . One was 
reportedly collected in British Columbia and the other in the Uinta Moun-
tains of Utah. Neither spe cimen is included on the distribution map . 
Rep re sentati ve specimens examined 
UNITED STATES: Connecticut : Hartford Co., Southington, C.H. Bis -
sell, 12 June 1901 (G, US); Florida: Wakulla Co . , R. Kral and R. K . God -
frey 2361, 2 May 1956 (NY, G, SMU); Georgia: Clarke Co., H. Cronquist 
4379, 3 May 1947 (US, UC,SMU, G, NY); Missouri: Stoddard Co., J . A. 
Steyermark 78285, 25 Apr. 1955 (MO); North Carolina : Brunswick Co., 
Wilmington, J.R. Churchill, 28 Apr. 1923 (F,MO ); O hio: Portage Co., 
R. J. Webb 14 June 1 9 14 (G); Pennsylvania: Philadelphia Co. , F. J . Her -
mann 4263, 2 June 1933 (G, F); Virginia: Prince William Co., H. A. All -
ard 1414, 10 May 1936 (NY,G,F,MO ) . 
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THE PREDICTIO N OF SOIL M OISTURE FOR 
THE WINTER PERIOD IN row A 1 
R . H. Shaw2 
pp. 337 - 344 
ABSTRACT. S o i 1 m o i s t u r e w a s p r e d i c t e d u n d e r c o r n a n d 
meadow for the period November to April, using data 
from the Iowa soil moisture survey for the starting 
points in November and for checking the predicted 
values in April. Using a statistical technique whi ch 
considered frozen and nonfrozen periods, the correla -
tion between the predicted and actual April soil mois-
ture w as 0 . 85 fo r meadows and 0. 81 for corn fields. 
Using an empirical technique w hich also considered 
drying and nondrying days, the correlat ion between 
predict e d and actual April soil moisture was 0. 98 for 
meadows and 0. 96 for corn fields . 
In previous papers, Shaw (1, 2 and 3) reported on the prediction of soil 
moisture under oats, corn and meadow during the growing season. The 
same procedure cannot be used during the winter season, however, when 
different factors must be considered. L itt le, if any, active plant growth 
occurs during this period, and nearly all water loss is evaporation, with 
little transpiration occurring. During much of the time the ground is 
frozen . A considerable portion of the precipitation occurs as snowfall . 
In this paper, both statistical (regression analysis), and empirical 
(water balance) procedures are presented for predicting soil moisture 
changes from November to April. Soil moisture data, obtained from the 
Iowa soil moisture survey, were used as the starting point in November. 
The soil moisture balance at each sampling location was computed using 
the techniques to be discussed in this paper . The predicted values for 
early April were then compared to that obtained from the soil moisture 
survey data taken in April. Data for the p e riod 1 954-1960 were used to 
develop the statistical and empirical procedures, and data for the period 
1960-1 962 we re used to provide a verification. Land in corn during a 
growing season was considered as a corn site during the following winter 
season whether plowed or not. The same was true for meadow sites . 
1 Journal Paper No. J - 4935 of the Iowa Agricultural and Home Economics 
E xperiment Station, Ames, Iowa. Project No. 1276. This work par -
tially supported uncle r U.S. Weather Bureau C ontract Cwb - 10554. 
P rofessor of Agricultural C limatology, Agronomy Department, Iowa 
State University, Ames, Iowa 
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DEFINITIONS AND METHODS 
Frozen and nonfrozen periods 
Criteria we re necessary by which the periods when the soil was frozen 
could be defined, with the freezing-thawing cycle possibly repeating it-
self several times during the winter season. Only observations recorded 
at cooperative weather stations were c onsidered for defining these cri-
teria . 
The ground was considered unfrozen in the fall, or afte r a thaw, until 
a)a minimum air temperature of less than 20 ° F was recorded or, b)both 
maximum and minimum air temperatures were below 32°F for two con-
secutive days. 
After freeze-up, the ground was considered frozen until no measur-
able snow was pre sent and, a) both maximum and minimum temperatures 
above 32°F for two cons ecutive days, b) maximum air temperature great -
er than 70°F with any minimum, c) maximum greater than 60 °F, mini -
mum greater than32°F, or d) both maximum and minimum temperatures 
above 32 ° F and over 0. 5 inch of rain fell with no snow. The day on which 
this condition occurred was considered as thawed and treated as a non -
frozen day. 
Soil moisture characteristics 
All calculations were made in terms of the plant available water by 
foot increments in the 5-foot profile. This requires the wilting point for 
each foot increment. In order to determine the upper limit of water held 
by the soil, the field capacity must be known . Details for determining 
these soil moisture characteristics were presented by Shaw (2). For the 
statistical procedure, onl y the total field capacity for the 5 - foot profile 
was used. 
Additional information was necessary for the empi rical procedure . 
Because moisture movement through the soil is slower under low tem -
perature conditions, the field capacity values for the top 6 inches were 
modified slightly from those used during the growing season (1, 2 and 3) . 
Once freeze-up had occurred, upon thawing, the top 6 inches of soil was 
assumed to hold 0. 5 inch more than field capacity until a specified amount 
of warming had occurred. This warming was defined in terms of air 
temperature as a) once the maximum temperature reached 70°F, or b)the 
maximum was 65°F or greater, for three cons e cutive days . After these 
conditions were met, the excess 0. 5 inch of water percolated to deeper 
depths, filling each depth to field capacity before deeper percolation 
occurred. This procedure was used each time a freeze -up occurred. 
Air temperatures we re used to define the conditions because of the gen-
eral availability of air temperature data. 
Precipitation and runoff 
Accumulated precipitation totals for selected periods were used in the 
regression analyses. 
For the empirical procedure, daily precipitation amounts were used 
when the ground was not frozen. Runoff was computed in the same man-
ner as was described by Shaw (2, 3), using an antecedent precipitation 
index. The precipitation which did not run off was added to the soil 
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moisture each day, filling each fo ot increment to field capacity before 
percolating to deeper depths. If snow fell w hen the ground was thawed, 
it was treated as rain and assumed to infiltrate except a) if freeze-up 
occurred within two days or b) if measurable snow remained on the 
ground for three days. Under these conditions it was all considered as 
winter precipitation with the ground frozen. While the .ground was frozen 
the precipitation was accumulated, and upon thawing was multiplied by 
0. 25 to determine the amount which infiltrated. This amount was added 
to the soil moisture, filling each depth to field capacity before deeper 
percolation occurred. The value 0. 25 was approximated from the par-
tial regression coefficients for the winter period in the regression analy-
sis. Although this procedure is an obvious over -simplification of the 
true situation, it seemed to give logical answers. 
Evaporation loss 
It was necessary to compute evaporation losses for the empirical 
procedure but not for the statistical procedure. During periods in the 
fall when the ground was classified as nonfrozen, evaporation was as -
sumed to be 0. 35 times pan evaporation , when such data were available. 
After the open-pan was removed for the winter, and until March, e vapo -
ration loss for nonfrozen days was assumed to be at the rate of 0. 1 inch 
per week. In March and early April, when much higher solar radiation 
would be measured, evaporation l_oss, when nonfrozen, was assumed to 
be 0. 1 inch per day as long as water was available in the top 6 inches 
and a drying day o ccurred. Drying days were defined as: a) minimum 
> 32°F, maximum> 50°F, orb) any minimum, maximum> 70°F. One-
half drying days were defined as 1) minimum = 32°F, ma~imum > 50°F 
or 2) minimum 30 or 31°F and maximum.'.::. 60°F. No loss was assume d 
for days which were classed as nondrying days. For all days classed as 
frozen, the procedure described under precipitation and runoff was used 
to compute the loss. In the spring, as soon as open-pan data are avail -
able, the procedure described by Shaw for the growing season should be 
used for meadow (3) and for corn (2). 
Regression analysis 
Regression analysis was used to predict only the total available mois -
ture in the 5-foot profile. A preliminary analysis of data from all loca-
tions showed those which had sufficient precipitation to increase the soil 
moisture level above field capacity could not be accurately predicted by 
techniques used here because the extent to which the water above field 
capacity was retained in the profile c ould not be predicted. The avail -
able moisture at these locations in April was generally found to be be-
tween field capacity and field capacity plus the excess moisture whi ch 
infiltrated into the soil. 
The data were therefore grouped into two categories-with and without 
excess water. 
If 
2 / 3 (Precipitation in inches from the Nov. to April sample -
3. 0 inches) > Field capacity - available moisture in Nov. 
samples. 
(1) 
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that site was considered to have excess water present in April. All other 
sites were considered to have no excess water . This assumes that 3 
inches of precipitation are necessary to maintain the soil moisture level 
and that 2 / 3 of the precipitation above this amount infiltrates into the 
soil. Although approximate, this provided a simple method for dividing 
the data into the two classes mentioned. Only the data in which no excess 
water occurred were included in the statistical analysis. Correlations 
were computed between monthly precipitation and the soil moisture 
change from November to April. Multiple regressions were computed 
for different monthly combinations and soil moisture change as well as 
for frozen and nonfrozen periods. 
Empirical procedure 
Steps in computing soil moisture: 
1. Start with available soil moisture in the profile at the fall sampling 
date. T o obtain an estimate of the amount in the top 6 inches (if not 
measured separately), assume available moisture in top foot evenly 
distributed. 
2. Define periods when ground is nonfrozen or froze~. 
3. Compute lass or gain . 
a . For nonfrozen days. 
1. Up to March l, subtract evaporation loss, then add precipita-
tion minus runoff to soil moisture. No percolation occurs below 
each depth until that depth has reached field capacity. 
2. After March l, subtract evaporation loss for each drying day, 
then add precipitation minus runoff. If precipitation on a non-
drying day, add precipitation minus runoff to soil moisture. 
b. For frozen periods, accumulate precipitation and multiply by 
0. 25. Add this amount to soil moisture the day thawing occurs. 
RESULTS AND DISCUSSION 
R egression analysis 
Corn and Corn Stubble Fields 
Correlations were computed between individual and combinations of 
monthly precipitation data and soil moisture change in the 5-foot profile 
for the November-April period. These values are s.ummarized in Table 
1. The nonsignificant correlations for the ~inte r mi;;nths makes the use 
of these factors in a multiple regression equation ~ questionable; never-
theless they were included in the multiple regression. analysis. S eve ral 
combinations were tested in multiple regression equations. Using No-
vember precipitation in inches as X 1 , March as Xz, April as X 3 , and 
Dec . +Jan. +Feb. precipitation as X 4 , the soil moisture change Y c in 
inches was predicted as: 
Y c = -0. 99 + 0. 73X 1 + 0. 56X2 + 0. 56X3 + 0. 26X4 R 
(2) 
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Table 1. Correlations b e t w een precipitation amounts for differe nt 
periods and s oil moisture change from November to April. 
Correlation coefficient 
P e riod ·corn Meadow 
Novembe r 
D e c e mber 
J a n ua ry 
F e bru ar y 
Ma rch 
E a rly April 
ov. + M ar. + Early Apr. 
De c. +J a n. +Feb. 
Nove mbe r (nonfrozen) 2 
W inte r (frozen) 
Ma r. + Early Apr. (nonfro zen) 
ov. + M ar . + Early Apr. (nonfr o zen) 
0. 
0. 
0. 
-0. 
0. 
0. 
o. 
0. 
0. 
0. 
0. 
0. 
58 >:o:< 
19 
20 
16 
41 '~':' 
32>:<>:< 
7 2 ~<>:< 
13 
62 >:<>:< 
18 
5 6':":' 
75 
l ':'Significant at 5% le v el : ':"~Significant at 1% level. 
l 
2 Conditions for frozen and nonfroz e n defined on page 338. 
0. 52>~>:< 
0. 17 
0. 52 
-0. 10 
0. 55 ':":' 
0. 62 >:<>:< 
0. 8 1 ':":' 
0. 23 
0. 63 ':":' 
0. 3H' 
0. 65 >:<>:< 
0. 82 ':":' 
A statistical t e st showed the partial regression coefficients for X 1 , X 2 
and X 3 were not different, w i th an ave rage value of 0. 61. This had not 
b een expe cted as it was believed that November would have a higher 
partial regression coefficient due to low intensity radiation and a mature 
crop partially covering the ground which reduced soil evaporation. 
Further examination indicated that frozen and nonfrozen conditions in 
November and April should be considered. 
When the data were recomputed using X 5 as the November precipita -
tion when the soil was not frozen, X 6 the March plus April precipitation 
when the ground was not frozen, and X 7 the precipitation for all periods 
when the ground was frozen, the soil moistu re change in inches was: 
Y c = -0. 50 + 0. 84X5 + 0. 54X6 + 0. 23X7 R = 0. 81** ( 3) 
The partial regression c oefficients were significantly different, indicat-
ing a greater efficiency of precipitation in the fall than in the spring with 
the ground nonfrozen, and a considerably reduced effectiveness of pre -
cipitation when the ground was frozen. The relation between predicted 
and estimated values was similar to that to be shown in later figures, but 
with considerably more scatter of the data points. 
Meadow 
Ide ntical analyses were carried out for meadow. The correlation co-
efficients are also summarized in Table 1. The pattern was similar to 
that for c o rn, except for the high correlation found for Januar y precipita-
tion. Physically, this is very difficult to explain and may have been due 
to sampling v ariation. 
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For combined periods, the correlations we r e slightly higher than for 
corn. When computed on the basis of frozen and thawed periods, 
Ym = -0. 54 + 0. 88X5 + 0 . 72X 6 + 0. 25X7 (4) 
The partial regression c oefficients for Novembe r (X5) and March+ April 
(X 6) we re not significantly different. The partial r egression coefficient 
for March+ April was higher for meadow than for corn, probably due to 
reduced runoff from meadow in the spring, but no test was made as to 
the statistical significance of this differenc e . 
Empirical approach 
Using the empirical procedure previously described, soil moisture 
was predicted for early April, starting with the plant available Novem-
ber soil moisture, as supplied by the I owa soil moisture survey. The 
results for corn are shown in Figure 1, and for meadow in Figure 2, 
with all locations showing total moisture in the 5 - foot profile above the 
field capacity omitted. These locations could not be predicted, other 
than saying moisture was at the field capacity value, .or higher. 
The relations found for corn and meadow we r e similar. The linear 
regressions were: 
Y corn = 0. 42 + 0. 94X r 
Y m e adow = - 0. 42 + 1 . 07X r 
0. 9 6~<>:< 
0. 9 8>:<>:< 
( 5) 
( 6) 
where Xis the observed soil moisture in inches and Y the predicted soil 
moisture in inches in the 5 - foot profile. The average e rrors per foot 
and the percent of predicted values within-} inch of the · observed values 
ar e shown in Table 2. The predicted values averageci higher than esti -
mated in the upper tw o feet, and lower in the deeper two fe et. This 
could have been due to errors in the prediction procedure, or possibly 
due to some vapor transfer in the profile. 
Table 2. Average difference between predicted and observed April soil 
moisture and percentage of er rors < 0. 5 inch . 
Ave . differenc e between 
Depth predicted and observed Errors < 1 / 2 inch 
(feet) ( inches) (%) 
corn meadow corn meadow 
0 - 1 +o . 11 1 +o. i o 76 72 
1 - 2 +0 . 06 +o . i 2 76 87 
2 - 3 +o. lo 0.00 91 85 
3 - 4 -0. l 0 -0. l 0 83 81 
4 - 5 -0. 18 -0. 13 83 94 
0 - 5 -0. 0 l -0.02 51 50 
Positive value means predicted value greater than observed. 
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Figure 1. Comparison of observed and predicted April soil moisture for 
corn . 
12 
_J 
0:: 
II 
Cl. 
<[ 
~ 10 
(f) 
w 9 
I 
u 
~ 8 
~ 
w 
0:: 
::::> 
I- 6 
(f) 
0 
~ 
_J 
0 4 (f) 
0 
w 3 
I-
u 
0 
w 
0:: 
Cl. 
0 
1954- 55 v 
1955 - 56 • 1956 - 57 D 
1957-58 0 
1958- 59 x 
1959-60 
MEADOW 
(NOV - APf! l 
• 
0 
D 
Q:J 
D 0 
x 0 x 
0 
DD 
x 
0 
x 
0 
Oo 
x 
0 
0 
~ ~ 
0 Y=-0.42+1.07X 
' : 0 .98 
2 3 4 5 6 7 8 9 10 11 12 
OBSERVED SO IL MO ISTURE IN INCH ES IN APRIL 
13 (4 
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meadow . 
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As a verification on the method, the soil moisture data for November 
to April for 1960 - 1961, 1961 - 62 and 1962 - 6 3 we re compared with values 
computed by the empirical procedure discussed . The correlation be -
tween observed and predicted soil moisture for those locations where 
excess water was not predicted was 0. 98, with the distribution of errors 
very s imilar to that shown in Table 2. 
SUMMARY 
Soil moisture was predicte d under corn and meadow for the period 
November to April. Data from the I owa soil moisture survey were used 
to provide observations for the starting point in November , and to che ck 
the accuracy of the pr e dict e d values in Apr i l. All calculations were 
made on plant available water . 
Using a statistical technique, the soil moisture change was predicted 
from the November pr e cipitation when th e soil was not frozen, the March 
plus early April precipitation whe n the g round was not frozen and the 
precipitation when the ground was frozen. The c or r elation between ob-
served and predicted was 0. 81 fo r corn and 0. 85 for meadow. 
Using an empirical technique, th e total available soil moisture in 
each 1-foot increment of the 5 - foot profile w as predicted. All days were 
classifi e d into soil froz e n or nonfroz e n using air t emperature observa -
tions. Evaporation on nonfrozen da ys was 0 . 35 times pan evaporation, 
or if not available 0. 1 inch/week in the fall, and 0. 1 inch/ day in the 
spring when drying days occurred . A drying day was also defined in 
terms of air temperatures. Pre cipitation during frozen periods was 
accumulated, and upon thawing, one - fourth of it w as assumed to infil -
trate, the rest was assumed lost. 
The correlation between observed and predicted soil moisture in 
April was 0. 96 for corn and 0 . 98 for meadow . For each foot increment, 
from 72 to 91% of the locations we r e predi ct e d within one - half i:och of 
the observed value . Th e average differenc e between the observed and 
predicted values for each foot increment ranged from 0. 0 to 0. 18 inches . 
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INHERITANCE OF QUANTITATIVE CHARACTERS IN GRAIN SORGHUM 1 
G. M. Beil and R. E. Atkins 2 
A BS TRACT. E v a 1 u a t i o n p r o c e d u r e s a p p r o p r i a t e f o r q u an -
titatively inherited characters were utilized in an an-
a 1 y s i s of t h e g e n o t y p i c an d e n v i r o nm e n t a 1 v a r i a b i 1 i t y i n 
segregating populations of two grain sorghum crosses. 
Measurements from individual plants in parental, F 1 
and F 2 populations w ere recorded for days to mid -
bloom, plant height, tiller number, 100-seed weight 
and grain yield . For e ach character, heritability val -
ues, dominance estimates, manifestations of heterosis 
and predicted genetic advance with selection were de-
termined. Interrelationships among characters were 
measured through the use of phenotypic, environmental 
and genotypi c <::orrelation coefficients. Implications 
of the parameters estimated as they relate to selection 
for the characters individually and concurrently are 
discussed. 
Marked improvement of grain sorghum as a crop suitable for combine 
harvest and adapted for production over a wide area has been realized 
in recent years. Many of the transformations or modifications of plant 
characteristics obtained have resulted from recombination of relatively 
few genes. Accumulation of desirable alleles into improved varieties 
paved the way for the rapid development of single-cross hybrids when 
sources of cytoplasmic-genie male sterility were discovered. Critical 
evaluations of the mode of inheritance for characters whose expression 
seems predicated on the actions and interactions of numerous alleles 
have been notably less frequent with sorghum than have genetic investi-
gations of simply inherited traits. The investigations herein reported 
were directed toward an evaluation of the continuous variation measured 
for plant height, days to mid-bloom, tiller number, 100-seed weight and 
grain yield in F 2 generation populations of two sorghum crosses, using 
several of the methods and techniques applicable for quantitative inheri -
tance studies. 
1 Journal Paper No. J-4 904 of the Iowa Agricultural and Home Economics 
Experiment Station, Ames. Project No. 1364. Part of a thesis sub-
mitted by the senior autho r in partial fulfillment of the requirements 
for the M. S. degree. 
Re search.Associate and Professor of Agronomy, Iowa State University 
of Science and Technology, Ames, Iowa. 
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REVIEW OF LITERATURE 
The mode of inheritance for the plant characteristics evaluated in this 
study generally has been interpreted as quantitative or multigenic. This 
interpretation prevails in numerous and extensive reports covering a 
considerable spectrum of species. Published reports of inheritance 
studies with sorghum pre sent evidence for both qualitative and quantita -
tive interpretations for the inheritance of certain of these characters. 
Evaluation procedures appropriate for quantitatively· inherited traits 
were utilized by Khan3 to investigate the inheritance of plant height, 
bloom date and grain yield in F 2 populations of two grain sorghum cross-
es. Parentel varieties for one cross were Redlan and Plainsman, whi l e 
C ombine Kafir 60 and Combine 7078 were the parents of the second 
cross. Heritability values in the broad sense were determined for each 
character, and reported respectively for each cross as 49 and 70% for 
plant height, 40 and 5% for bloom date, and 32 and 197/o for grain yield. 
Hadley (4) also treated height as a quantitative character and concluded 
from statistical analysis of F 2 and F 3 data that at least four independent 
genes with unequal effe cts were responsible for variations of plant height 
in sorghum. Johnson and Sandal4 calculated heritabilities by the parent-
progeny regression method for flowering date in Sudangras s and reported 
values ranging from 34 to 4c:P!o for different crosses. 
Qualitative interpretations also have been proposed for the inheritance 
of both plant height and maturity in sorghum. Sieglinger (14) reported a 
3 :1 segregation in the F 2 after a cross of dwarf by normal tall varieties 
of broomcorn, indicating that a single factor pair governed the expres -
sion of plant height in this cross. Several examples of 3:1 segregations 
for tall versus dwarf height classification in the F 2 generation of crosses 
between different sorghum varieties have been tabulated by Martin (7). 
Quinby and Karper (11) concluded that height in sorghum is controlled by 
four independently inherited genes, plus a modifying complex, that influ-
ence elongation of the internodes. Shortening of the internodes was cited 
as the only visible effect of the recessive (dw) alleles, and tallness was 
determined to be partially dominant in its expression. In a recent dis-
cuss ion of height inheritance in sorghum, Quinby5 proposed that differ-
ences in height observed among varieties having the same genotype, as 
described by the four major height genes, may be due to allelic series 
at each of the four loci, rather than modifying complexes in the classical 
sense. 
Quinby and Karper (10) reported that three genes, designated Ma 1 , 
Ma 2 and Ma3 , determined the expression of maturity in the milo group 
of sorghums, with lateness dominant to earliness . Later (12), they 
3 Khan, Syed Tahir Ali. 1956. A study of quantitative characters of two 
crosses of sorghum. Unpublished M. S. Thesis, Oklahoma State Uni-
versity, Stillwater , Oklahoma. 
4 Johnson, R. E. and P. C. Sandal. 1962. Heritability of flowering date 
in four Sudan crosses. Amer. Soc. Agron. Abst. 54:69. 
5 Quinby, J. R. 1963. Inheritance of height in sorghum. Proc. of Third 
Grain Sorghum Research and Utilization Conference. Amarillo, Texas, 
March 12-13, 1963. 
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reported a mutant allele, maf, which was responsible for the extreme 
ea rliness of Ryer milo. In a recent discu ssion of the literature on ma -
turity in sorghum, Quinby (8) suggested that allelic series at three oT 
four loci and varying degrees of insensitivity to photoperiod might we ll 
account for all the maturities found in sorghum. 
Foster et al. (2), in a study of a cross between E xperimental 3 and 
an induced ~clant line (Cl 5) in sorghum, found that five or six genes 
affecting the number of days to heading and three genes affecting plant 
height had been mutated by colchi cine treatment. For both traits, trans -
gressive segregation was noted in the distributions of F 3 family means 
compared with the parental means, and was con side red indicative that 
there may be more genes controlling maturity and height in sorghum 
than had been reported previously. 
Marked heterosis for plant height and grain yield was reported by 
Karper and Quinby (5) from studies involving hybrids among many of the 
basic sorghum types. Khan3 observed the expression of heterosis for 
days to mid-bloom, grain yield and several other characters in either 
one or both of the two sorghum crosses he studied. Recently, Quinby (9) 
reported on the relative manifestations of heterosis for ten to fou rteen 
characters in three grain sorghum hybrids and summarized the lite ra-
ture and concepts of heterosis in sorghum. 
EXPERIMENT AL PROCEDURE 
Parental, F 1 and F 2 populations of two grain sorghum crosses were 
grown at the Agronomy Farm, Ames, Iowa in 1961. Parentage of the 
crosses was as follows: 
Cross A Reliance x North Dakota Mandan Sorghum No. 158 
Cross II A Redlan x North Dakota Mandan Sorghum No. 158 
The fertile or B-line counterparts of A Reliance and A Redlan (male-
sterile lines) were used for the parental plantings in the respective 
crosses. Reliance is an early maturing, medium height variety which 
tillers only moderately and has a low to medium grain yield. North 
Dakota M. S. 158 is a very early, small seeded, short experimental line 
which tillers profusely but is low yielding because of its small heads and 
seed size. It possesses dominant fertility restoration genes and pro-
duces fertile F 1 .hybrids when used as the pollinator for cytoplasmic-
genic type male-sterile lines . Redlan is a late maturing, moderately 
tall variety with moderate tillering but large heads and high grain yield . 
Seed of each cross was planted in a randomized block design with 
three replications of 25-foot rows spaced at 40 inches. Within each row 
plants were thinned after emergence to a spacing of 6 inches. For each 
replication of each of the nonsegregating generations data were recorded 
from 36 competitively bordered plants in a single row. The F 2 data were 
obtained from a 5-row block, or a total of 180 plants per replication. In-
dividual plant measurements were obtained for the following characters: 
Mid-bloom - days from planting (May 29) until anthers were extruded 
in the top half of the main stalk head. 
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Plant height - recorded at maturity in inches from ground level to 
the top of the main stalk head. 
Tiller number - total number of stalks , including both the main 
stalk and side tillers. 
l 00- seed weight - weight in centigrams of 100 whole seeds. 
Grain yield - total seed weight in grams, a f ter drying to 8 to 10% 
moisture. 
Analyses of the data for each character w ere made in accordance with 
the following procedures: 
Within-plot mean squares {Cf~) for the nonsegregating populations 
(P 1 , P 2, F 1) were averaged to obtain an estimate of environmental variance 
(O-k)· The environmental variance was subtracted from the total pheno-
typic variance of the segregating population (0- 2 ) to obtain an estimate 
F2 
of the genotypic variance (0- 2 ). From these variances, estimates of 
G 
heritability in the broad sense, as defined by Lush (6), were calculated 
by using the following formula: 
Heritability (h2) 
0-2 _ a-2 
F 2 E x 100 
a-2 
F2 
o-2 
G 
x 100 
Interrelationships among the measurements obtained for all five 
characters were determined through the calculation of genotypic corre-
lation coefficients as follows (15): 
Genotypic rxy 
where: 
Phenotypic and environmental correlation coefficients were deter-
mined similarly, with the substitution of appropriate phenotypic and en-
vironmental variance and covariance estimates. 
Dominance estimates were determined for each character using the 
"potence ratio" method proposed by Griffing (3), in which: 
h p 
where: ~ 
F1 
MP 
p 
(F1 - MP) 
(P MP) 
dominance value 
observed mean of the F 1 
mean mid-parent value 
mean of the greatest parent 
Estimates of genetic advance with various levels of selection intensity 
were obtained for each trait using the formula presented by Allard (1). 
w here : Gs 
CJF2 
h2 
k 
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expe cted ge n e tic advance f rom selection 
phenotypic standard d eviation 
heritability c oeffi ci ent 
selection differential 
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Soil moisture a nd climati c factors we r e favo r able throughout the 
s eason for plant g r owth and maturation, and a normal to h i gh leve l of 
expression for a ll plant c hara c te r isti cs was attained . Variance analyses 
of the data recorded for ea ch ch a racter6 indi cate d that differences among 
generations we r e in excess of eithe r the 5 o r l o/o probabili ty l eve l, ex c ept 
for a few comparisons . F or days to mid - b l oom the c omparis on of F 1 
versus the parents did not exc eed the indi cated probability l evels in 
either cross, and, likewise, for tiller number in Cross II, this compari-
son was not significant. A ls o , the parents for Cross II d id not differ 
significantly for 100- seed we i ght. 
Frequency distributions prepared from the F 2 dat a for each charac-
te r 6 we re predominantly symmetrical. Slight skewness toward the early 
parent for the mid - bloom measurements and toward l ow yield was ob-
served fo r Cross I. Trans g r essive segregation beyond both the high and 
low parents was observed for days to mid - bloom and plant height. Seg -
r egates we re obtained which exc eeded the high par e nt for 100-see d 
weight and grain yie ld, while transgres sive segregation wa s not obs e rved 
for tiller numbe r. 
Environmental coefficients of v ariat ion (Table 1) we re l ow to moder -
ate , except for grain yield and tiller number . The comparative magni -
tude of the phenotypic and environmental coe fficients of variability is 
expre ss e d by the ratio F 2 / E shown in thi s table . Close agreement in 
rank and relative magnitude betwe en this ratio and the heritability values 
shown for the respective characters in Table 2 was observed. The 
genotypic coefficients of variation (Table 1) express the magnitude of the 
observed variability whi ch is attributable to genotypic differences among 
plants. Notably large val ue s we re obtained for grain yield, indicating 
that va r iations iri genotype contributed markedly to the total va riability 
for yield. Genotypic coefficients for tille r number and plant height we re 
of intermediate magnitude, and those for mid- bloom and 100- seed we ight 
were lowest. Comparis ons of the coefficients of variation for genotype 
and phenotype (F 2) show a high degree of similarity in relative rank and 
magnitude . Calculation of the genotypi c coefficient of variation for tiller 
number in Cross II was preclude d by th e attainment of a negative esti -
mat e of genotypic varianc e for this trait (Table 2). 
Heritability estimates for days to mid-bloom and plant height were 
high in both magnitude and similarity in the two crosses. Tiller number 
6 Biel, G. M . 1 963 . Inheritance of quantitative characte rs in grain sor -
ghum. Unpublished M. S. Thesis . Iowa State University Library, Ames, 
Iowa. 
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Table 1. Coefficients of variation of agronomic characters for parents , 
F1, F 2 generation for two sorghum crosses . 
Cross 
Character number E>:' Fz F 2/ E G ':":' 
Days to 3.4 9 , 5 2.75 11. 06 
mid -bloom II 3.4 10. 1 3 . 01 11. 93 
Plant 8 . 5 24. 9 2. 93 2 9 . 1 3 
height II 8. 7 16. 3 1. 88 18. 14 
Number of I 27.0 34. 5 1. 28 25. 50 
tillers II 30 . 8 31. 0 1. 00 
Weight per I 7. l 14.0 1. 98 14. 95 
100 seeds II 14.6 l 7. 3 1. 18 1 7. 34 
Grain I 31. 5 69. 0 2. 19 81 . 64 
yield II 41. 8 49 . 3 1. 18 38 . 62 
':' Environmental coefficient of variation of combined value for non-
segregating populations was obtained from the standard deviation calcu-
lated from the pooled variance divided by the mean for the three nonseg-
regation populations. 
':":'Genotypic coefficient of variation was obtained from the standard 
deviation calculated from the genotype variance divided by the mean of 
the cross. 
was the least heritable among the characters studied, indicating that 
va riations in the exp res sion of this trait were affected to a high degree 
by factors other than genotype. Weight per 100 seeds was moderately 
high in heritability in both crosses. Greatest divergence in heritability 
estimates between the two eras se s was obtained for grain yield. 
The degree of association among the characters measure d is expressed 
by the phenotypic (rF 2), environmental (rE) and genotypic (re) correla-
tion coefficients shown in Table 3. Most of the phenotypic correlations 
exceeded the 1% probability level and, except for a few comparisons, 
were positive. Negative associations were observed for days to mid-
bloom and tiller number in both crosses, whi l e the associations for plant 
height with tiller number and 100-seed weight with tiller number were 
negative for Cross II data. For the latter two associations, the coeffi-
cients were very small and did not exceed the 5% probability level. 
Environmental correlation coefficients exceeding the 5% probability 
level we re obtained for six of the ten comparisons in Cross I, and for 
seven of the comparisons in Cross II, reflecting the importance of this 
source of covariation in the total character associations. The correla-
tions involving grain yield, a character exhibiting a large environm.ental 
variance (Table 2), seem worthy of special note. The rE values for grain 
yield with tiller number were the highest obtained for both crosses ; with 
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Table 2. Heritability values and phenotypic, environmental, and geno -
typic va r iance for agronomic characters for two sorghum 
crosses . 
Varian c e He rita -
Cross Environ - bility 
Character numbe r P henotypic men tal Genotypic {%1 
Days to I 32 . 29 4. 2 1 28.08 86 . 96 
mid- bloom II 47 . 02 5 . 22 41.80 88 . 90 
Plant I 125 . 88 14. 92 110 . 96 88 . 1 5 
height II 65 . 95 16 . 38 49 . 57 75 . 1 6 
Number of I 1. 23 0.79 0.44 35.77 
tille rs II 0. 96 0 . 98 - 0 . 02 - 2.08 
W e ight per 0 . 12 0 . 03 0.09 75.00 
100 seeds II 0 . 1 7 0 . 07 0. 10 58.82 
Grain I 1, 84 2. 94 312.42 1,530 . 52 83.05 
yie ld II 1, 575 . 0 8 98 6 . 62 588.46 37. 36 
mid - bloom, the values were not more than moderate ; w hile, with 100 -
seed we ight and plant hei ght , they we re low to very low . Se ve ral nega -
tive environmental cor r elations we re obtained for associations between 
characters that had positive phenotypi c and genotypic correlations . 
Genotypic correlations involving grain yield usually we re among the 
highest in magnitude, with the large st re v a lue obtained for the as socia -
tion of plant height and grain yield . The genotypic correlations were, 
with one exception, la r ger than the c or r e sponding phenotypic coeffi c ient 
and, in all cases, were of like sign . Assignments of probability levels 
to th e rG values were not made because an a d equate test for this purpo s e 
has not been de ve l oped . 
Magnitude of the value hp, as list e d in Table 4, measures the deg r ee 
of dominanc e expressed for each trait, and is related to a qualitative 
classification as follows: 
C lass of dominance 
No dominance 
Partial dominance 
Complete dominance 
Heterosis 
Numerical value of hp 
hp = 0 
O<hp< 1 . 0 
h p = 1 . 0 
hp > 1. 0 
The negative signs show n for days to mid- bloom in Table 4 we re in -
terpreted with this method of analysis as an indi c ation for dominance of 
earliness over lateness of maturity, and the numerical values of hp o b-
tained for this charac ter suggest that the domin a nce was not c ompl ete . 
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Table 3 . Simple phenotypic , e n v ironmental a n d genotypic c o rr e lat ion 
co e fficients betwe en a g r onomic char a cte r s fo r t wo s o r gh um 
crosses . 
Cross I Cr os s II 
Charact e rs rF2 + rE 
correlated 
re r F2 rE rG 
DH-t+ 0. 35 ':":' 0. 51':":' 0. 3 3 0. 55':":' 0 . 40 ':":' 0 . 5 9 
DT -0. 25>:<>:< - 0. 39':':.;' - 0 . 26 - 0 . 2 4>:,,:, - 0 . 4 2 ':":' 
DW o. 3 3 >J<>:< 0. 2 6':":' 0 . 35 0 . 2 7':":' - 0 . 1 3 0 . 4 1 
DY 0. 36 ':" :' - 0.21':' 0 . 46 0 . 38':':.;' - 0 . 38 ':":' 0 . 8 4 
HT 0 . 43 >!<>!' - 0. 1 4 0 . 8 4 - 0.0 6 - 0 . 2 2 ':":' 
HW 0 . 42 >:< >:' 0. 30 ':":' 0.46 0 . 4 7':":' 0. 24':' 0 . 60 
HY o. 63>:" :' -0.0 6 0.76 0. 4 3':":' - 0 . 14 0 . 9 2 
TW 0. 09 >:< 0.02 0. 17 - 0. 05 - 0 . 0 1 
TY 0. 49':":' o. 56>:<>:' 0 . 57 0. 34:.;":' 0. 47 ':":' 
WY 0 . 40 >:<>:' 0 . 1 4 0.47 o. 36>:":' 0. 25 ':' 0 . 5 1 
+rF 2 refers to ph e notypic, rE to environmental, and re to g e n o t ypic 
c or r elation coe ffi c ients . 
1+ D refers to days to mid-bloom, H to plant height, T to numbe r of 
tillers, w to weight per 100 seeds and Y to grain yie ld. 
':' E x c eeds the 5% probability level w ith 104 d . f. for rE, and 536 for 
rF2· 
~":< Exc eeds the 1% p r oba bility level with 104 d. f. for rE, and 536 fo r 
rF2· 
Table 4 . D ominanc e estimates obtained by the potence ratio method for 
five agronomic cha racters in two grain sorghum crosse s. 
Cross Cr oss II A verage 
Character hp = hp h p 
Days to mid- bloom - 0 . 30 -0. 47 -0 . 38 
Plant height 1. 38 0 . 95 1. 16 
Number of tillers 0.27 0 . 30 0.2 8 
Weight per 100 seeds 0.7 9 42. 00 21. 39 
Grain yield 3. 80 4 . 20 4.00 
Table 5. Estimated genetic advance with selection for five agronomic characters of two crosses of grain 
sorghum based on six selection intensities. 
Character 
Days to 
mid-bloom 
Plant 
height 
Number 
of tillers-H+ 
Weight per 
100 seeds 
Grain 
yield 
Cross 
I 
II 
I 
II 
II 
II 
1% 2% 
Units+ %ff Units % 
13.0 
16. 1 
26. 1 
16. 1 
1. 0 
0. 7 
0.6 
94. 1 
39. 2 
21. 7 
23.8 
58. 1 
32.4 
32.7 
27.6 
27. 3 
151. 4 
48.6 
12.0 
14. 8 
23. 9 
14. 8 
1. 0 
0.6 
0.6 
86 . 3 
35. 9 
19. 0 
21. 8 
53. 2 
29. 7 
29. 9 
25. 1 
25.2 
138.7 
44.6 
Portion of population saved 
5% 10% 20% 
------Units % Units % Units % 
10. 2 
12.6 
20.4 
12.6 
0.8 
0.5 
0.5 
73.4 
30.6 
17.0 
18.6 
45. 3 
25. 3 
25.5 
21. 4 
21. 4 
118. 1 
37. 9 
8.7 
10.7 
17. 4 
10.7 
0.7 
0.4 
0.4 
62.7 
26. 1 
14.5 
15. 9 
38 .7 
21. 6 
21. 8 
18. 1 
18. 5 
100. 9 
32.4 
6. 9 
8 . 5 
1 3.8 
8.5 
o. 6 
0.4 
0. 3 
49. 9 
20 . 8 
11. 5 
12.6 
30. 8 
17.2 
17.4 
14.4 
13 . 9 
80 . 3 
25.8 
30% 
Units % 
5. 7 
7. 1 
11. 5 
7. 1 
o. 5 
0. 3 
0. 3 
41. 4 
1 7. 2 
9. 5 
10.4 
25. 5 
14. 2 
14. 3 
11. 9 
12. 2 
66.5 
21. 4 
+Refers to estimated genetic advance with selection expressed in the units which measure the character 
(i.e. days, inches , etc .). 
-I+ Refers to estimated genetic advance with selection expre ssed as a percent of the F 2 mean. 
+H- Estimated for number of tillers in cross II not obtained becaus e of the negative genotypic variance 
obtained for this character. 
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Similarly, the hp values shown for tiller number indicated that genes for 
the profuse tillering characteristic were only partially dominant. The 
estimates of hp obtaine d for plant height, 100-seed we ight and grain yield 
are indicative of an expression of heterosis for these characters. 
Heritability estimates may be of value to the crop breeder in several 
ways, a prime use being to gain insight into how much genetic advance 
may be made with selection. Estimates of the possible advancement or 
improvement of the populations with regard to the five characters studied 
are presented in Table 5. Six selection intensities, together with the 
estimates for heritability and phenotypic varianc e obtained in this in-
vestigation, were used in accordance with procedures cited previously, 
with the estimates of genetic advance listed both in units and as a percent 
of the F 2 mean. 
Possibilities for appreciable improvement of the populations through 
selection were indicated for all characters, with the rate or magnitude 
of genetic advance proportionately greater as the intensity of selection 
increased. The high rates of genetic advance predicted for grain yield 
reflect the high phenotypi c variance and high heritability estimates ob-
tained for this trait, particularly for Cross I. The value s listed for plant 
height suggest that selection for this character also should be effective. 
Comparatively lower rates of genetic advance with selection we re indi -
cated for days to mid - bloom, tiller number and 100- seed weight . 
DISCUSSION AND CONCLUSIONS 
Estimates of heritability may be made in several way s, each subj ect 
to various restrictions and limitations. Her i tability in the broad sense 
is calculated as a percentage expression of the ratio of genotypic to 
phenotypic variance. Refined interpretations of genotypic variance fur -
ther divide this component into effects due to additive and nonadditive 
gene action. In the present study, this separation of effects was not 
possible since the magnitude of the nonadditi ve component could not be 
determined. Thus, the broad sense heritabilitie s presented likely r epre -
sent an over - estimation of the effective heritable component for each 
character due to inclusion of the nonadditive increment in the va riances 
attributed to genotype. Furthermore, both the genotypic and environ-
mental effects measured were based on a single season 1 s test with two 
cros ses, and interpretations should be made in this context. 
Days to mid-bloom was determined to be the most highly heritable of 
the characters evaluated, but the e stimated genetic advance with selec -
tion was uniformly less for this trait than for the other characters. This 
is attributed to the fact that, while heritability was high for this trait, 
the total amount or range of genetic diversity expressed was relatively 
low, as reflected by the genotypic coefficient of variation . Pre vious 
evaluations of the inheritance of maturity in sorghum (8, 10, 12) have in-
dicated that three or four major genes govern its expression . While 
other workers (2) have suggested that more genes may be involved in the 
expression of maturity, acceptance of a relatively low number of genes 
determining this trait seems amenable with the low level of genetic di-
versity observed in this study. 
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The high heritability observed for plant height, combined with the high 
level of genetic diversity measured for this trait, resulted in high esti -
mates for genetic advance with selection. Both the phenotypic and geno -
typic correlation coefficients for the association of plant height and grain 
yield were among the highest obtained . Breaking this association may 
not be as difficult generally, however, as the spe cific values from this 
study may indicate . North Dakota M . S. 158 was, to a marked degree, 
both the shortest and the lowest yielding parent , while both Reliance and 
Redlan are considerably higher yielding and much taller. Attainment of 
a full range of segregates in the F 2 from such widely c ontrasted parents 
may not have been a ccomplished , and an upward bias in the correlation 
coefficient s may have resulted . In light of the high heritability estimates 
and predicted genetic advance w ith selection obtained for these traits , it 
appears that intensive selection for short statured types in the F 2 gene r -
ation should not preclude the attainment of high yielding lines. 
For grain yield, the heritability value obtained fo r Cross II was of 
moderate magnitude and comparable to the broad sense estimates re -
ported by Khan3. Both the heritability estimate and the pr e dicted genetic 
advance with selection for grain yield in Cross I were e x c eptionally high . 
When considered in light of experience in selecting for yield and other 
ag r onomi c characters in sorghum and other crops, the values obtained 
for yield in Cross I do not seem plausible. The wide discrepancy be -
tween the he ritabilitie s for yield in the two crosses is t raceable to the 
relative magnitude of the environmental and genotypic variances used in 
the calculations . The genotypi c variance for Cross I was nearly three 
times that of C ross II , while the environmental variance fo r Cross II was 
more than three times larger than the estimate for Cross I. The two 
crosses were grown in adjacent blocks, and no significant effect for 
replicates was observed, indi cating that e nvironmental effects were 
essentially constant over the experimental area . It appears, therefore, 
that the genotypes sampled for the two crosses responded in a markedly 
different manner to the existing environment , r esulting in a larg e geno -
t ype x environment interaction . 
Note should be made with regard to the F 2 data that this population 
wa s segregating for male fertility and sterility. If the c ommonly accepted 
interpretation of a single factor difference governing this s eg r egation is 
accepted, then approximately 25% male - sterile plants would b e expected 
in the F 2 population. The presenc e of male - ste rile plants in the popula -
tion would seem to have little or no consequence on the measurement for 
mid - bloom, plant height and tiller number . For 100- seed we i ght and 
grain yield , whe re expression is dependent upon effe ctive pollination and 
fertilization , th e possible impact of male - sterile plants on the expression 
of these characters wa rrants consideration. 
The experiment wa s located adjacent to sizable plantings of sorghum 
breeding, observation and yield nurs e ries , and pollen was dispersed from 
these tests over an extended period . Likewise , pollen dispe rsal among 
the wide range of segregates in the immediate expe riment was profuse 
over a long p e riod. Thus, while identification of male - sterile or fertile 
plants in the F 2 population was not accomplished , there was no indication 
that se ed set on all plants harvested was less than c omplete. 
Another consideration with regard to the seed weight and grain yie ld 
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determinations for male - sterile and fertile plants would be the possibility 
of 40~ xenia effect. This effect has been noted in corn and sorghum large-
ly in relation to endosperm color or composition . While one may not be 
justified in c omplete negation of this possibility, it does not seem a likely 
or serious complicating factor to the interpretations for seed weight and 
grain yield. 
The genotypic variation observed for 100 - seed weight was low, and, 
as a r esult , the predicted genetic advance with selection was lower than 
that observed for all other characters except mid - bloom. Heritability 
estimates for seed weight were moderately high and more than double 
those pres e nted by Khan3. The use of different parental lines in the two 
investigations likely was a factor in the divergent estimates, plus the 
fact that a considerable portion of the genotypic va riation for this trait 
was attributable to nonadditive gene actions. Marked heterosis was noted 
for this character, indicating a gross deviation from stri ctly additive 
gene action. 
Heritability estimates for tiller number were the lowest obtained in 
this study, but, due to a good level of genetic variability, the estimates 
for genetic advance with selection were relatively good . A significant 
positive correlation between number of tillers and grain yield was ob -
tained, indicating that concurrent selection for profuse tillering and high 
yielding types should not be difficult. The high environmental correla-
tion for these characters indicates that c onditions favoring the production 
of many tillers also favor high grain yie ld. One must keep in mind, how -
ever, that there may be physiological limitations of plant growth and 
differentiation which impose restrictions on the simultaneous expression 
of both traits. In other words, there probably is a threshold for tiller 
numbers whe r e further increases in number may result in appreciably 
smaller heads and lower total grain yield for the plant. 
In the interpretation of dominance and heterosis estimates obtained 
by the potence ratio method, it should be kept in mind that relatively 
small differences in the parental and F 1 means may result in a consider-
able magnifi cation of the potence estimate. This feature of the method 
was expressed quite strikingly in the large hp value for 100- seed weight 
in Cross II, where the mean seed weights for the two parents were iden-
tical. Within the guide lines for qualitative classification prescribed for 
the hp values, the negative value obtained for days to mid-bloom was in-
terpreted as evidence for dominance of early over late maturity. Pre-
vious qualitative evaluations of maturity in sorghum have proposed that 
lateness is dominant to earliness (8, 10, 12), except for a report that 
earliness was partially dominant to lateness in studies w ith Kalo and 
Early Kalo (13). Thus, the results s eem conflictive, but this might in 
actuality be an artifact of the different systems of analysis and interpre-
tation used. For example, if the nearness of the F 1 mean to the early 
parent observed in this study were interpreted as resulting from epi s tati c 
effe cts, which cumulatively favored early maturity rather than dominance 
for earliness, then contradiction w ith the dominance relationships pro-
posed from the milo group (10) would not be indicated . The expressions 
of heterosis observed for plant height, seed weight and g rain yie ld are in 
harmony with other investigations cited previously. 
The sizable genotypic correlation coefficients obtained for days to 
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mid - bloom and plant height indicate that concurrent selection for short, 
early plants should be effective for rapid genetic fixation of this type . 
The combination of early matu r ity w ith either large seed size or high 
yield would appear a more difficult task because of the positive genotypi c 
correlations for date mid - bloom with 100 - seed weight and mid- bloom 
with g r ain yield . The correlation coefficients presented for the associa -
tion of grain yield with the other characters measured make it apparent 
that grain yield is a comple x character and that its expression is related 
appreciably to the expression of other plant charac teristics . Genotypic 
correlations for yield with each of the other characters measured were 
moderate to high, i n di c ating that effective selection for high yield and 
specific combination s of the other attributes concurrently may be pos -
sible . The effectiveness of sele c tion in ear l y generations should be 
dependent upon the relative contributions of additive and nonadditive 
gene action to the total genotypic variance, being most effective when 
additive gene action is the predominant type . Selection based upon pheno -
typic expression of the traits in early generations should be supplemented 
by advanced generation progeny performance, until the genotype is fixed 
sufficiently to insure that the phenotypic expression of the trait is to a 
large extent a t r ue reflection of genotype . 
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tricorne, 25 
Desmanthus illinoensis, 270, 27 2 
Dichaeta caudata, 114 
Dichromena, 13 
dliata, 13, 67 
Didelphis 
marsupialis virginiana, - 364 
Dimorphotheca aurantiaca, 57, 78 
Diptera, 103 
Discocerina 
brunneonitens , 121 
buccata, 122 
exigua, 122 
glaucella, 121 
lacteipennis, 121 
lenis, 122 
leucoprocta, 122 
obscurella, 122, 124 
orbitalis, 121 
pulchella, 121 
trochanterata, 122 
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Enemion, 60 
Ephydra, 107 
hians, 107 
pectinulata, 107 
riparia, 107, 123, 124 
Ephydridae, 103 
Epidendrum radicans, 36 , 96 
Eptesicus !.,: fuscus, 365 
Eranthis, 34, 60 
hiemali s, 21, 3 3, 41. 6 7 
Erethizon dorsatum dorsatum, 376 
Euarctos ~· americanus, 376 
Euphorbia, 15 
corollata, 15,16,73 
spoendens, 15,16 
European corn borer control, 
153,437,449 
Felis concolor, 377 
Ficaria, 51, 59 
ve rna, 2 1 , 6 7 
Ficus carica, 66 
Gaillardia grandiflora, 56 
Galinsoga ciliata, 57, 84 
Gampsoceras, 59 
Gastrops nebulosus, 110 
Geomys b. bursarius, 368 
Ginkgo blloba, 24 
Glaucidium, 22, 24, 59 
Glaucomys -:;_. volans, 368 
Glaridacris catostomi, 244 
Gleditsia triacanthos, 2 71, 2 77 
Gramineae, 289 
Gulo luscus, 377 
Gymnocladus dioica, 271, 27 2 
Gymnopa, 10_ 3 __ _ 
bidentata, 106 
tibialis, 106 
Gy~ae, 105 
Gymnosporangium, 366 
Halerpestes, 59 
Hamadryas, 59 
Hegemone, 60 
Helenimn autumnale >- 57, 80 
Helleborus, 34, 44, 71 
Hepatica, 21,38,51,59 
americana, 33,41 
triloba, 32,40,85 
Hunte rella nodulosa, 244 
Hyadina 
a bdominali s, 112 
albovenosa, 112 
binotata, 112 
ce sta, 111 
corona, 112 
furva, 111 
gravida excavata, 111 
pruinosa, 112 
subnitida, 112 
Hydrastis, 22, 24, 59 
canadensis, 63 
Hydrellia 
cruralis, 116 
definita, 116 
~a, 115 
griseola, 116 
harti, 115, 124 
~aca, 116 
luctuosa, 11 7 
morrisoni, 117 
no bili s, 11 6 
~li, 116 
procteri, 116 
suspecta, 117 
tibialis, 116 
Illicium, 20, 24, 27 
floridianum, 24 
Ilythea 
flavipes, 117 
spilota, 11 7 
Impatiens, 46 
Insecticides 
carbamate, 449 
hydrocarbon, 437 
organophosphorus, 153 
Isopyrum, 21, 34, 39, 60 
biternatum, 33, 41 
Kingdonia, 24, 59,64 
Knowltonia, 59 
Komaroffia, 60 
Krapfia, 59 
Kumlienia, 59 
Laccopetalum, 44, 59, 71, 95 
giganteum, 9 5 
Lasionycteris noctivagans, 374 
Lasiuru s 
~· borealis, 365 
cinereus, 375 
461 
462 SUBJECT INDEX 
Leptopsilopa atrimana, 120 
L eptopyrum, 60 
L e pus 
ame:dcanus phaeonotus, 375 
townsendii campanius, 366 
Limnellia, 107 
~' 108 
stenhammari, 107 
Limnodrilus 
hoffmeisteri, 244 
udekemianus, 244 
Lutra ~.canadensis, 373 
Lynx 
c. canadensis, 377 
r. rufus, 377 
Magnolia, 8, 23 , 68 
grandiflora, 24 
soulangeana, 56,74 
Marmota ~· ~· 366 
Martes 
~· americana, 377 
p ennanti, 377 
Mephitis mephitis a via, 37 3 
Micropterus dolomieui, 417 
Microsorex hoyi, 374 
M i crotus E: pennsylvanicus, 370 
Miyakea, 59 
Monobothrium hunteri, 244 
Mus musculus ~icus, 371 
Mustela 
frenata spadix, 37 2 
vison letifera, 373 
Myotis 
kenii septentrionalis, 374 
~ lucifugus, 365 
Nelumbo, 8, 42 
Nigella, 34,40,63 
Notiphila 
atripes, 117 
avia, 118 
~inata, 119 
macrochaeta, 117 
olivacea, 118 
pallidipalpis, 117 
punctipennis , 119 
riparia, 118 
scalaris, 118 
sicca, 118 
texana, 119 
Notiphila (cont.) 
vittata , 118 
N otiPh'ilinae, 1 0 5 
Nostima 
scutellaris scutella ris, 117 
quinquenotata, 117 
Nuphar luteum, 51 
~ius humeralis, 375 
Nymphaea, 8,27,42,51 
alba, 24 
Ochthera 
lauta, 112 
mantis mantis, 112 
Odocoileus virginianus, 374 
Oedonops nuda, 114, 124 
Onadatra ~· zibethicus, 370 
Orectoderus schuhi , 127, 149 
Ost rinia nubilalis, 153, 437, 449 
Paeonia , 6, 21, 53 
albiflora, 7 5 
delavay, 23 
lutea, 23 
p;tc;:nini, 2 3, 2 8 , 7 5 
suffruticosa, 23 
Papilio thoas autocles, 94 
Paracoenia 
bisetosa, 108 
turbida, 108 
Pa~gia, 60 
Parathyroglos sa ordinata, l 05 
Parognathus 
flavescens perniger, 375 
Paropyrum, 60 
Paroxygraphis, 59 
Parydra 
aldrichi, 112 
alpina, 113 
appendiculata, 113 
bituberculata bituber culata, 113 
breviceps breviceps, 113 
paullula, 113 
pingui s, 113 
quadrituberculata, 113, 124 
unituberculata, 113 
Parydrinae , 105 
Pediculari s, 71 
Pedomys ochrogaster, 376 
Pelina 
~adensis, 114 
rudi s, 113 
~catula, ·114 
SUBJECT INDEX 463 
Peromyscus 
leucopus noveboracensis, 369 
maniculatus bairdii, 369 
Phaseolus vulgaris, 280, 282 
Philotelma alaskensis, 107, 124 
Phyllinae, New species of from 
North America, 127 
Phymat opsallus, 127 
acaciae, 127,131,150 
~huae, 127, 132, 151 
croceguttatus, 137 
croceus, 137,151 
cuneopunctatus, 127, 134 
ful vipunctatus, 137, 151 
fuscipunctatus, 127, 135, 151 
huachucae, 127, 135 
longirostris, 127, 136 
nicholi, 127,130,150 
panthe rinus, 138, 151 
patagoniae, 127, 132, 150 
rinconiae, ~27, 132, 150 
rubropunctatus, 127, 136,151 
strombocarpae, 127, 130, 151 
~· 127,134,151 
tuberculatus, 133,150 
viridescens, 128, 133, 150 
Pipistrellus ~ subflavus, 375 
Pisum sativum, 280, 285 
Pitymus pineto-rum scalopsoides, 
370 
Piuttia, 59 
Plagiognathus 
flavus, 127, 146 
fulvaceus, 127, 144 
fuscotibialis, 143 
geranii, 127,142 
nicholi, 127,147 
nigritibialis, 127, 148 
paddocki, 127,146 
rolfsi, 127, 145 
shoshonea, 127, 142 
stitti, 127,145 
urticae, 127, 148 
Podophyllum, 32 
Poinsettia pulcharrima, 15, 17 
Procyon_ lotor hirtus, 372 
Psallus artemisicola, 127, 149 
Pseudohecamede abdominalis, 
120 
Psilopa 
dupla, 122 
Psilopa {cont.) 
compta, 122 
£1[_a, 122 
P silopinae, 10 5 
Ptilomyia, 105 
enigma, 119, 124 
Pulsatilla, 21, 37, 59 
patens, 86 
Pyrethrum ~· 57, 59 
Pythium graminicolum, 453 
Ranunculaceae, Evolution of, 
{complete index of, p. 9 8) 
Ranunculus, 21, 37, 40, 59 
~· 36 
auricomus, 39 
bulbosus, 33, 41 
glacialis, 39 
lyallii, 44 
pallasii, 67 
parviflorus, 21, 67 
repens, 21, 64, 71 
sceleratus, 39' 57' 84 
Rattus norvegicus, 371 
Reithrodontomys megalotis, 376 
Scalopus aquaticus machrinus, 365 
Scatella 
dichaeta, 108 
favillacea, 109 
nivosa, 108 
~a, 109 
paludum, 109 
quadrinotata, 109 
stanalis, 109 
triseta, 108 , 124 
Scatophila 
adamsi, 110 
arenaria, 109 
carinata, 109,124 
despecta, 109 
iowana, 109 
viridella, 110 
Sciurus 
carolinensis hypophaeus, 367 
niger rufiventer, 368 
Semiaquilegia, 60 
Setacera 
atrovirens, 110, 124 
patifica, 110 
Shibateranthis, 60 
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Shore flies of Iowa, 103 
Silvilagus floridanus mearnsii, 
366 
Soil moisture in Iowa, 337 
Sonchus, 56 
Sorex cinereus 1-esueurii, 3·64 
Sorghum, Inheritance 
characteristics of, 345 
Souliea, 60 
Sphenopholis, Taxonomy of, 289 
Sphenopholi s 
filiformis, 321 
nitida, 324 
obtusata, 297 
var. obtusata, 305 
var, major, 310 
x e.: pensylvanica, 315 
Spilogale inte rrupta, 37 3 
Spirea trilobata, 15 , 73 
Tagetes signatus , 57, 83 
Tamias striatus griseus, 367 
Tamiasciurus 
hudsonicus minne sota, 37 5 
Taraxacum, 56 
Taxidea !.: ~· 373 
Thalictrum, 21 , 24, 59 
Tithonia speciosa, 56, 74 
Trautvetteria, 59 
Trimerina madi z ans, 130 
Trochilus colubris, 25 
Trollius, 28, 39, 71 
europaeus, 25,28,29 
chinensis, 56,76 
sibiricus, 28 
Tropaeolum, 46 
Tubifex tempeltoni, 244 
Typopsilopa atra, 115 
Urocyon cine reorgenteus ocythous, 
372 
Urophysa, 60 
Victoria, 32 
regia, 51 
Victorina ephas, 94 
Vulpes fulva regalis, 372 
Xanthorrhiza, 22, 60 
Zapus ~· hudsonius, 371 
~,56 
